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Abstract 
This thesis was made to create a new version of the Edinburgh Model Pig computer 
program, to build a factorial computer model of nutrient utilisation by the breeding 
sow, to validate the Model Pig and the Model Sow, to expand the modelling function 
to economic aspects and to link with other packages relating to the feeding and 
management of pigs, and thereby to build a bio-economic model package of pig 
production systems 
Chapter 1 describes the background of the use of models in pig science and production 
and indicates the purpose of the present work. 
Chapter 2 introduces the concepts of compensatory growth theory, heat production 
and the Gompertz growth function. The use of the Gompertz function and ash 
contents of the food to predict daily protein retention and water retention was also 
introduced into the model to test whether these concepts can be used in the new 
version of the Edinburgh Model Pig. The result shows that the trend of response is 
consistent with published experiments. 
Chapter 3 uses those concepts described in the Chapter 2 to create a version 2 of the 
Edinburgh Model Pig. This model has been extended to include the important 
weaning period (5 to 20 kg) by improving the prediction of voluntary food intake 
through the effect of ambient temperature, bulk of the diet, and stocking density. The 
model provides a graphic function to plot comparative daily biological data. The 
model indicates the limiting factors in terms of diet (protein, lipid or ash), 
environment (cold or hot), the situation of food intake control (bulk, allowance or 
refusal) and compensation of protein growth. The event diary shows the daily 
situation of physical and biological data. An important component in the model is the 
use of a data base of carcass weight and P2 from any individual pig unit to create an 
actual variance in P2 to extend the precision of grading system to be specific to the 
individual farm. The model links with Harvard Graphics and Lotus 1-2-3 to display 
high quality graphics on the screen or by print out with a printer or a plotter. The 
model was validated by comparing with published experiments. 
Chapter 4 builds a factorial model of nutrient utilisation by the breeding sow. Given 
the initial information of the sow (quality, prolificacy, conception rate, liveweight and 
P2 backfat depth at first conception), diet composition, feeding regime, housing 
condition, sale of weaned pig and overheads, the model predicts on a daily basis, body 
weight change, energy and protein requirements for maintenance, energy cost for cold 
thermogenesis, protein and lipid retention, body composition and backfat thickness in 
gestation, lactation and weaning to conception interval over a period of up to eight 
parities. The model also predicts energy and protein requirements for the uterus and 
mammary gland, milk yield, energy cost and ideal protein requirement for sow's milk, 
piglet birth weight, litter size, piglet growth rate, protein, lipid, ash and water 
retention, piglet survivability and weaning weight. A financial report is also produced. 
The model was validated by comparing with published experiments. Two important 
components of the model are the integration with a least cost feed formulation 
package and Harvard Graphics. Two associated computer programs, sow recording 
and management and accounting management, have also been written to expand the 
model's function. 
Chapter 5 develops some decision-making programs in terms of sensitivity analysis of 
feeding regimes and diets, multiple solutions and multiple runs, and link the model 
with other packages concerning feeding and management. An expert diagnostic aid to 
assess adequacy of feed allowance to breeding female pigs was also developed. This 
chapter also investigates the three-dimensional relationship between economic 
responses and two factors of the diet (CP and DE). The objectives of this thesis have 
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Chapter 1 Background 
1.1 Definitiorn Model 
Models are a tool in the understanding of animal production systems; they are the best 
way of representing existing knowledge of the content of the system, the components 
and their interactions, the boundary, the inputs and outputs. Through rigorous 
expression of what is representable, models also highlight that which requires to be 
represented, but is not, and that which requires to be quantified but which is only 
known qualitatively. Models therefore indicate gaps in knowledge otherwise not 
appreciated. The definition of the model suggested by Spedding (1988) is an 
abstraction and simplification of the real world, specified so as to capture the principal 
interaction and behaviour of the system under study and capable of experimental 
manipulation in order to project the consequences of changes in the determinants of 
the system's behaviour. Cleland and King (1983) described that a model, in scientific 
sense, is a representation of a system which is used to predict the effect of changes in 
certain aspects of the system on the performance of the system. The types of model 
given by France and Thornley (1984) can be divided into empirical and mechanistic 
models, static and dynamic models, and deterministic and stochastic models. An 
empirical model sets out principally to describe, whereas a mechanistic model 
attempts to give a description with understanding. A static model is a model that does 
not contain time as a variable. But on the other hand, a dynamic model contains the 
time variable explicitly. A deterministic model is one that makes definite predictions 
for quantities (such as animal liveweight) without any associated probability 
distribution. A stochastic model, on the other hand, contains some random elements 
or probability distributions within the model. Whittemore (1987) suggested that 
working models tend to be made up of mixtures of empirical and deductive 
relationships. But the greater the extent to which the model relies upon the deductive 
approach, the more likely it is to be truly informative. France and Thornley (1984) 
also suggested that the greater the uncertainty in the behaviour of a system, the more 
important it may be to use a stochastic approach. Broadly, the models researched 
presently may be defined as mechanistic (deductive), dynamic and deterministic. 
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12 Definition: System 
The term system is commonly used in a general sense and usually the meaning 
inferred is of a complex set of related components within an autonomous framework. 
Any defined system will have its own specific characteristics, Dent and Blackie (1979) 
suggested that all systems will conform to the following general features: 
A system is fully defined both by a set of identifiable entities and interconnections 
between them and by the limits to their organisational autonomy. 
A system is a hierarchical structure comprising a number of subsystems each 
capable of autonomous definition; in turn subsystems similarly embody the next layer 
of detail in autonomous sub-subsystems. 
The most important characteristics of systems emerge over time so that the 
understanding of systems requires explicit consideration of time and rates of change. 
Systems are sensitive to the environment in which they exist. This environment is 
usually unpredictable and always variable. 
Spedding (1988) viewed a system as consisting of a group of interrelated components 
that interact for a common purpose and react as a whole to external or internal 
stimuli. Csáki (1985) sees a system as that whole which embraces interrelated and 
interconnected elements. So phenomena are to be studied in all their complexity; as 
opposed to the more naive view which tries to explain reality by simplistic mechanical 
representation. Systems theory draws attention to the fact that no object existing in 
reality can be explained by only examining its parts independently. There are four 
major types of agricultural systems. They are production systems, enterprise systems, 
regional and national systems, and international and global systems (Csáki, 1985). 
Undoubtedly, the pig growth model and the sow reproduction model can be classified 
as production systems. They are also however dearly descriptive systems at levels 
lower than those of Csáki; namely the biological, and below that, the biochemical. 
13 Purposes of systems models 
The application of modelling to livestock science and production research has 
increased greatly over recent years. Four reasons can be forwarded, which go some 
way to explain this phenomenon. Firstly, modelling forces scientists to crystalise ideas 
and hypotheses, organise information from experiments, and quantify knowledge in 
the form of operational algorithms. Secondly, modelling can identify new research 
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areas and techniques that deserve scientific effort. It can be used to point out where 
information is lacking or inadequate and to signal the need for scientific experiments. 
Thirdly, modelling can act as a decision-making aid. It can be used to guide 
production managers towards taking the correct production decisions. Finally, 
modelling can predict outcomes of experiments or estimate parameters that can not be 
estimated by other methods. Modelling can provide information that may be too 
expensive to obtain by experimentation. 
Whittemore (1980a) indicated that a computerised model for the determination of 
nutrient requirements of the pig may serve many purposes, including the development 
of ideas, interpretation of real life, prediction of response, transfer of information, 
scrutinization of existing knowledge, and the collection of information from disparate 
experimental programs. Ferguson (1988) concluded that the purposes for the 
development of a model simulating pig growth could be information transfer, to 
identify research needs, simulation of real life and economic decision-making. 
Moughan and Verstegen (1988) re-iterated some of these points in suggesting that the 
possible objectives for constructing a pig growth model are: 
To allow an economic analysis of alternative feeding regimes for growing pigs. 
To allow comparison of actually recorded on-farm pig growth performance with 
potential performance to indicate the extent of management/pig health problems. 
To demonstrate the relative economic consequences of adopting alternative farm-
management strategies. 
To aid calculation of the relative economic values of unit improvement in genetic 
selection traits. 
To provide information on the physiological consequences of genetic improvement 
and to afford analysis of the effects on animal performance from genetic improvement 
or external manipulation of basic physiological traits. 
To aid in the design and interpretation of nutrition experiments. 
To demonstrate the principles of nutrient utilisation and animal growth in the 
teaching of nutrition. 
To identify areas within the growth process where theoretical/empirical 
information is lacking - i.e. to provide a blueprint for future research. 
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1.4 The basic steps of system simulation 
Dent and Blackie (1979) described briefly that systems simulation has two basic 
phases; one involving the construction of a model and the other one concerned with 
the use of the model in developing or controlling the real system. The whole process 
of simulation can be usefully considered as embracing a number of interlinked though 
clearly defined steps. The basic steps of system simulation can be definition of the 
system and statement of objectives, analysis of data, model construction, validation of 
the model, sensitivity analysis, and application of the modeL Figure 1.1 illustrates 
these steps and shows some of the more obvious linkages. 
13 Background of the use of models in pig science and production 
Fawcett (1973) examined aspects of a dynamic production function to describe the 
economic responses of growing pigs to feed inputs. Whittemore and Fawcett (1974, 
1975) proposed a simple model which enabled the prediction of the magnitude and 
direction of the responses of growing pigs to different energy and protein intakes. The 
model calculated daily liveweight gain from the conversion of the dietary supply of 
crude protein and energy into protein, lipid and ash in the body of the growing pig. 
Whittemore and Fawcett (1976) described a more refined model to simulate growth in 
pigs. From then on, the Edinburgh Model Pig computer program was developed. The 
original version of the Edinburgh Model Pig was produced for the EMAS Mainframe 
computer and was further developed and a PASCAL version written for use on 
microcomputers under the UCSD operating system; the Edinburgh Model Pig V1.0. 
This Model Pig is used by feed firms, breeding companies, the advisory services and 
large agri-business; all with the objective of improving the profit and efficiency of 
producing meat from the growing/finishing unit (Whittemore, 1980c, 1981). This 
version was developed for the grow-out stage of pig production (20 to 120 kg) and had 
been validated by comparison with the results from controlled feeding trials 
(Whittemore, 1976a, b; 1977), and later by experience in practical use. Monk and 
Kempster (1985) constructed a model which used means and other statistical 
parameters of carcass traits to generate sets of pigs and compare their performance 
when graded on different schedules. This model was designed to help a producer 
optimise his returns by selecting the most advantageous contract and/or the best 
slaughter weight and to help wholesale buyers design the most appropriate contracts 
4 
Step 
Figure 1.1 The basic steps of system simulation 
(Dent and Blackie, 1979) 
5 
for their requirements. Black et aL (1986) described a deterministic computer model 
that simulated energy and amino acid utilisation in pigs. This model predicts on a 
daily basis body weight change, body composition, carcass dressing percentage and 
backlat thickness for entire males, females or castrates of two strains of pig at any age 
or physiological state. The obvious difference from the Edinburgh Model Pig is that 
this model extends to the reproduction side to calculate weaning to conception interval 
and litter size and to assess the effects of nutrition on conceptus growth and milk 
production. Ferguson (1988) used some concepts from Whittemore (1983; 1987) and 
constructed a pig growth model for use in South Africa. A deterministic computer 
model which simulated the partitioning of lysine in the body of a 50 kg pig was 
described by Moughan (1989a). Input for this program consists of the sex and 
genotype, dietary energy density and dry matter content, and daily whole body protein 
and lipid retention rates. The program calculates the amount of absorbed lysine 
required to cover lysine losses at maintenance, net lysine retention, and loss of lysine 
due to incomplete utilisation of plasma lysine for growth plus maintenance. 
Recently knowledge of the partition and utilisation of energy and nitrogen, and effect 
of dietary intake on the performance of sows have been considerably enhanced by 
Black et aL (1986) in Australia, by Noblet and Etienne (1986; 1987a, b) in France, by 
Mullan and Williams (1988a, b), Mullan and Close (1989a, b), Mullan et aL (1989) at 
Shinfleld in the U.K., and by Eastham et aL (1988), Whittemore, Smith and Phillips 
(1988), Whittemore and Yang (1989) and Yang et aL (1989) in Edinburgh. Williams et 
aL (1985) described a simple model for the partition of nutrients during pregnancy as 
an aid to the establishment of feeding strategies for breeding animals. The model 
predicted maternal and conceptus weight gain and their composition from given 
amounts of dietary protein and energy fed to animals of specified body weight in a 
thermoneutral environment. A simulation model described by Black et aL (1986) and 
SCA (1987) calculated weaning to conception interval and litter size and assessed the 
effects of nutrition on conceptus growth and milk production. Mullan et aL (1989) 
established a factorial model to assess the nutritional requirements of the lactating 
sow. These three sow models all fail to adequately simulate reproductive 
performance; being less than credible when predicting (I) sow body composition and 
mass change, or (II) prolificacy, or (ifi) neonatal mass, or (IV) lactation yield and 
weaning weight, or (V) reproductive efficiency, or (VI) all five of the above. Noblet et 
aL (1990) proposed a detailed model to determine energy requirements for energy 
metabolism and body composition changes in pregnant and lactating sows. Research 
in sow nutrition has been carried out for more than 10 years at the Edinburgh School 
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of Agriculture and both deductive and empirical algorithms for reproductive response 
have been reviewed by Whittemore and Morgan (1990). Now there is sufficient 
knowledge to build a deductive model to simulate sow reproduction. This model will 
be referred to as Edinburgh Model Sow V1.0. 
1.6 Purpose of the present work 
Most current pig growth models (Whittemore, 1983; Moughan et aL, 1987; Ferguson, 
1988) did not include compensatory effects in daily protein and lipid retention. The 
model from Black et aL (1986) used the procedure developed in the sheep simulation 
model (Black, 1984) and did contain a limited compensatory growth effect. It is 
assumed with little evidence from science or practice that the influence of an abrupt 
change in intake continued for 100 days. The question of whether animals are capable 
of catch-up growth following a period of undernutrition has been debated for many 
years. Some experimental results obtained by Whittemore's group in Edinburgh 
(Tullis, 1982; Tullis et aL, 1986; Kyriazakis and Emmans, 1991; Kyriazakis et aL, 1991; 
Stamataris et aL, 1991), showed compensatory effects tofood or nutrient restriction 
during the growing period in swine. Therefore the compensatory growth concept may 
need to be considered in the revised version of the Edinburgh Model Pig. 
The early Edinburgh Model Pig employed the linear/plateau paradigm as the 
description for protein growth having unequivocally rejected the quadratic function. 
Latterly however the Edinburgh group have wished to explore the Gompertz function 
for growth description. The Gompertz growth equation shows fast early growth, a 
slower approach to the asymptote, and a significant linear period about the inflexion 
point (France and Thornley, 1984). It seems reasonable to introduce the Gompertz 
function into the model to express the change in weight of the pig and its body 
components in relation to time and to predict weight at maturity. The Gompertz 
equation has been used in some reports from the • Edinburgh School of Agriculture 
(Emmans, 1981; Emmans, 1987; Emmans and Oldham, 1988; Whittemore, Tullis and 
Emmans, 1988; Kyria.zakis, 1989; Whittemore, 1989; Whittemore and Morgan, 1990). 
Pig growth models have invariably avoided the difficult issue of predicting feed intake, 
either through taking feed supply as a management variable, or assuming appetite to 
be a given function of body mass. Both devices fail to address the matter of feed 
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intake simulation and prediction; a serious shortcoming in a growth model which 
requires to be rectified. Increasing the bulk of a feed will increase bulk intake until the 
animal's capacity to ingest bulk is reached (Emmans, 1987). Bulk of the feed used is 
one of important factors influencing the voluntary feed intake (Braude, 1967) and 
therefore must be considered. 
The experiments from Gehibach et aL (1966), Bryant and Ewbank (1974), Baxter and 
Petherick (1983), Kornegay et aL (1985), NRC (1987), Edwards et aL (1988) and Smith 
et aL (1988) have all showed a clear and positive relationship between space allowance 
in the fattening pen and pig growth rate. The stocking density can therefore be 
introduced into any new modeL 
Whether an environment is perceived by the pig as cold, thermally neutral or hot 
depends on the degree of maturity of the animal, its potential growth, the desired 
fattening rates, and the feed used (particularly its energy : protein balance and bulk) 
(Emmans, 1987). Using heat production to determine whether the animal is cold, 
thermally neutral or hot and to predict voluntary feed intake seems more reasonable 
than using a single house effective temperature which is the approach used in the 
earlier version of the Edinburgh Model Pig. 
The grading system used in the current Edinburgh Model Pig is according to an 
assumed variance in P2. To extend the grading system to a real population the model 
should be able to create an actual variance in P2 according to the carcass data and P2 
from an individual pig unit. From the above discussion, there are four major 
objectives in this thesis: 
to introduce new concepts such as these adumbrated above and create a new 
version of the Edinburgh Model Pig computer program, 
to create a factorial computer model to predict nutrient utilisation by the breeding 
sow, 
to validate the Model Pig and the Model Sow, 
to expand the modelling function to economic aspects and to link with other 
packages relating to the feeding and management of pigs, and thereby to build a 
bioeconomic model package of pig production systems. 
Chapter 2 A Compensatory Growth Model which includes the 
Prediction of Voluntary Food Intake in Growing Pigs 
2.1 Intioduction 
The question of whether animals are capable of catch-up growth following a period of 
undernutrition has been debated for many years. There are two extreme concepts 
about compensatory growth. One is that pigs can completely restore the consequences 
of temporary underfeeding, the other one is that no restoration is possible during the 
subsequent growing period. The question is centred on the conventional growth 
theory that animals have an inherent maximum potential growth rate which can not be 
exceeded. If compensatory growth were to exist, this theory would need to be revised. 
Wilson and Osbourn (1960) concluded that there were six main factors governing an 
animal's ability to recover from the effects of undernutrition: the nature of 
undernutrition, the severity of undernutrition, the duration of the period of 
undernutrition, the stage of development at the commencement of undernutrition, the 
relative rate of maturity of the species and the pattern of re-alimentation. These six 
factors act together and appear to govern the degree of recovery of weight and the 
final conformation and composition of the animal. The conservative approach at the 
moment is that compensation occurs somewhere between the two extremes: that is 
pigs do compensate for lost liveweight gains but not completely and differences still 
exist in the chemical composition of the carcass (Cole et a!, 1968; Donker et aL, 1986; 
Tullis and Whittemore, 1986). 
The possibility, or otherwise, for compensation is likely to relate to factors influencing 
voluntary feed intake. Cole et aL (1968) concluded that voluntary food intake was 
influenced by the nutrient density of the diet and the level of energy requirement of 
the pig, which might be affected by previous nutritional history. The effect of protein 
and amino acid balance on voluntary food intake was reviewed by Henry (1985) by 
consideration of the compensatory increase in food intake after a moderate deficiency 
in the limiting amino acid or total protein. Henry (1985) concluded that protein intake 
was regulated separately from energy intake and both controlling mechanisms interact 
in determining overall food intake. Cole and Chadd (1989) concluded that the amount 
of food eaten by the pig was a balance between the needs of the animal and the ability 
of the food to meet those demands. Kyriazakis (1989), Kyriazakis et aL (1990) 
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suggested that pigs given a choice between a suitable pair of foods were able to choose 
a balanced diet and to change its composition to reflect their changing requirements. 
In a later experiment, Kyriazakis and Emmans (1991) concluded that pigs given a 
choice between feeds of low and high protein contents could select a diet of a 
composition such that the effects of previous mis-feeding are corrected. Although it is 
apparent that there is an ultimate restraint of gut capacity, Braude (1967) summarised 
factors influencing the pattern of feeding as animal (appetite, health, genetics, sex, 
environment, behaviour and class of pig), feed (palatability, nutrient density, bulk, 
grinding, soaking, heating, drying and pelleting) and management of feeding (self 
choice, ad libituin v. restricted, frequency, individual v. group, wet v. dry, and trough v. 
floor). 
Three existing models (Whittemore, 1983; Moughan et aL, 1987; Ferguson, 1988) 
describe that pig growth does not exceed its maximum potential growth rate for a 
particular environment, sex and genotype. The reason in Ferguson's model was that 
his experiment did not provide sufficient information to support compensatory protein 
and fat growth in male pigs. However, in Ferguson's experiment (1988), gilts did 
compensate in protein and fat growth rates of most organs and tissues following the 
removal of the restriction. The concept of daily protein retention in the pig growth 
model of Moughan et al. (1987) was according to that of Whittemore (1983). A pig 
model developed by Black et aL (1986) used a compensatory growth factor to multiply 
the nitrogen retention, which was derived from a sheep simulation model (Black, 
1984). It was assumed, with little evidence from science or practice, that the influence 
of an abrupt change in intake continued for 100 days. Cole and Chadd (1989) 
reported that pigs fed to grow at half the rate of their counterparts fed ad libitu,n from 
30 to 50 kg liveweight showed compensatory food intake upon re-alimentation. Some 
experimental results obtained by Whittemore's group in Edinburgh (Tullis, 1982; Tullis 
et aL, 1986; Kyriazakis and Emmans, 1991; Kyriazakis et aL, 1991; Stamataris et aL, 
1991) showed compensatory effects to food or nutrient restriction during the growing 
period in swine. Therefore, the aim of this chapter is to set up a factorial 
compensatory growth model which predicts the voluntary food intake in growing pigs. 
2.2 Ideas behind the model 
The lipid-free growth of pigs described in some current models (Whittemore, 1983; 
Moughan et aL, 1987; Ferguson, 1988) is through protein retention, ash retention and 
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water retention; daily protein retention has no compensatoiy response following feed 
or nutrient restriction and its subsequent re-supply. This concept is simple but wrong, 
because many workers (Robinson, 1964; Owen et aL, 1971; Zimmerman and 
Khajarern, 1973; Hogberg and Zimmerman, 1978; Tullis, 1982; Prince et aL, 1983; 
Wahistrom and Libal, 1983; Tullis et aL, 1986; Donker et aL, 1986; Mersmann et aL, 
1987; Kyriazakis and Emmans, 1991; Kyriazakis et aL, 1991; Stamataris et aL, 1991) 
have shown that pigs have the ability to compensate their nutrient deficits with protein 
or fat growth following a period of underfeeding. 
In an experiment of Mersmann et aL (1987), pigs given a restricted food allowance 
exhibited compensatory weight gain when they were refed freely. The results from 
Donker et aL (1986) showed compensatoly effects on the carcass composition and 
suggested that pigs given 72% food during the growing period and given 100% food 
during the finishing period showed the best overall feed conversion ratio. In 
Ferguson's experiment (1988), gilts did compensate protein and fat growth rates of 
most organs and tissues following the removal of the restriction. Hogberg and 
Zimmerman (1978) indicated that fat-strain pigs made partial or complete 
compensation at 100 kg body weight for rate and efficiency of gain and for body 
composition (protein and water) and carcass quality (less fat) to a 10% protein starter 
diet. However, the lean-strain pigs did not make compensatory weight gains after 
protein restriction and the cross section areas of their longissimus were decreased by 
protein restriction. Owen et aL (1971) reported that compensatory intake following a 
period of feed restriction occurred at most stages of growth but was most marked in 
the early stage and carcass quality was not significantly different under the conditions 
of the experiment. Results from Prince et aL (1983) and Wahistrom and Libal (1983) 
showed that short-term feed restriction results in subsequent compensatory response 
in average daily gain and feed conversion ratio, and not in daily feed consumption and 
suggested that restriction causes more efficient digestion or utilisation of nutrients 
after ad libitum consumption resumes. Robinson (1964) reported that compensatory 
growth was made by pigs when some restriction in the plane of nutrition had been 
previously imposed. The immediate growth response after the restriction ceased was 
directly related to the duration of the period of restriction. Similar observations were 
made by Owen and Ridgman (1968) and Zimmerman and Khajarern (1973). 
Compensatory nitrogen retention was found in the growing pigs following a period of 
nitrogen deprivation (Tullis et aL, 1986). Some workers (Campbell and Biden, 1978; 
Shields and Mahan, 1980; Wyffie and Owen, 1978) also found similar protein contents 
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between restricted and unrestricted controls at slaughter mass. In the experiment of 
Campbell and Boden (1978), pigs offered the 164 g/kg protein diet during the initial 
treatment period (5.5 to 20 kg) tended to grow faster subsequent to 20 kg and during 
the liveweight period 20 to 45 kg had a significantly lower feed conversion ratio than 
pigs previously offered the two higher protein diets (192 and 219 g/kg). While over 
the entire production period, 5.5 to 70 kg, there were no significant differences in feed 
conversion ratio and carcass quality between treatments at 70 kg liveweight. Shields 
and Mahan (1980) examined the effects of three protein treatment sequences on 
performance and carcass characteristics of growing-finishing pig and suggested that 
temporary moderate protein restrictions could be placed on pig diets adversely 
affecting gains or carcass quality. Stamataris et aL (1991) reported that pigs initially 
given a low intake of feed in the first period showed compensatory gains of liveweight, 
empty body weight, and lipid, protein and ash weights in the second period, compared 
to that of pigs being given ad libitu,n access to the feed in both periods. According to 
Kyriazakis et aL (1991), pigs eating low protein feed for a period produced a reduced 
protein : ash and an increased lipid: ash ratio in the body and both growth rate and 
efficiency were reduced. When pigs were subsequently given a sufficiently high 
protein feed, the protein : ash and lipid : ash ratio returned to normal. The repletion 
of labile protein reserves, with their associated water, led to a substantial increase in 
the rate of liveweight gain. The duration of these effects depended upon the protein 
content of the food given. 
The concept suggested here is to use the Gompertz growth function (to be discussed 
later) and ash contents of the food to predict daily ash retention, then use the 
compensation theory to predict daily protein retention and water retention. Ash 
retention and water retention are a function (ki and k2 respectively) of protein 
retention in normal growth of the pig (ARC, 1981; Whittemore, 1983; Stranks et aL, 
1988). The major component of ash is Ca and P. If a pig eats too much energy or 
protein, this goes to fat because it has digested the available energy or protein. If it 
can not metabolise the excess energy or protein, then voluntary feed intake will be 
reduced. In the growing pig, absorbed Ca and P may be accumulated in the body, 
excreted in the urine, or returned to the gut from where it may be lost in the faeces 
together with the unabsorbed part of the element (Whittemore et aL, 1972). Once Ca 
or P is absorbed that which is not needed is simply excreted via the urine. Ash thus 
provides a relatively stable datum in circumstances where protein and lipid are much 
less stable. It can be assumed that pre-compensation nutrient shortage does not 
disrupt ash, neither will the ash be disrupted in the course of the re-alimentation phase 
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provided that in both cases mineral supplies are adequate. Therefore, ash provides a 
stability factor against which the need for protein compensation can be judged. This 
concept is both simple and likely to simulate real life response. At the end of a period 
of limitation, a pig may have (i) a protein deficit or may have (ii) a lipid deficit or (iii) 
a lipid excess, relative to its ash weight. If the pig has a protein deficit, it will grow 
protein faster than normaL If the pig has a lipid deficit, it will be seeking to gain lipid 
faster than the normal pig at the same ash weight. However, if the pig has a lipid 
excess it will be seeking a lower rate of lipid gain or a lipid loss compared with a 
normal pig at the same ash weight. The time courses of the corrections depend on the 
conditions of rehabilitation. The correction of a protein deficit, a lipid deficit or a 
lipid excess can be shown in Figure 2.1 and Figure 2.2. The key variables in a period 
intended to be one of rehabilitation are: the protein: energy ratio of the food used, its 
bulk and the condition of the environment in which the animal is kept. Whether the 
animal has a protein deficit alone or together with either a lipid deficit or an excess, it 
is axiomatic that conditions ideal for rehabilitation will not be continue to those ideal 
for the normal growth of a normal animal at the same ash weight. 
23 Carcass composition at start and after first day 
Any model which predicts the carcass composition of pigs at slaughter must specify the 
chemical composition at the start of the simulation of growth. Whittemore (1983, 
1987) indicated most pigs of 10 kg, having been weaned at 5 kg will contain about 0.16 
protein, and between 0.08 and 0.12 fat, the remainder being water (0.71) and ash 
(0.03). In visual terms a well rounded weaner will usually contain 0.12-0.16 fat, while a 
thin one will contain 0.06-0.09 fat. The differences between sexes and genotypes at 
birth are negligible and therefore the estimates of initial body composition are similar 
for all animals. The initial ash mass (AT), fat mass (LT) and protein mass (PT) at the 




where W is liveweight (kg), FAC is a factor dependent on the condition of the pig at 
start which would relate age at weaning, nutritional history and the like, and is 
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of the body is water. Moughan et aL (1987) used values similar to those of 
Whittemore (1983) but used 0.19WE1, 0.15WE1 and 0.11WE1 to describe the whole 
body lipid of the fat pig, average pig and thin pig at the beginning of the first day, 
where WE1 is the empty body weight at the first day of the growth period. Black et aL 
(1986) described initial lipid mass as a function of genotype and sex and estimated 
initial body protein, ash and water from the fat-free empty body using different 
equations. 
To verify whether the present model is working well, the inputs of the carcass 
composition at the start are divided into the initial total protein mass (PT), the ratio of 
protein to ash at start weight (PAR) and the ratio of lipid to protein at start weight 
(LPR). Whittemore (1983) indicated that modern strains of pig have a ratio of lipid: 
protein of 1: 1 or less. It is suggested that the ratio of protein to ash and the ratio of 
lipid to protein are 4 to 5: 1 and 0.1 to 5: 1 respectively, according to the condition of 
the pigs. According to the carcass data from TuIlis (1982) and Henderson (1982), it is 
assumed that the normal ratio of protein to ash is 5 under non-limiting nutrition, and 
ratio of lipid to protein is 1 in a well rounded weaner. The initial body water (YT) is 
calculated from the mature total protein mass (PTM) (described in Table 2.1 on page 
28) and the total protein mass (PT) (Emmans, unpublished data). 
AT = PT/PAR 
LT= (LPR)(PT) 
YT = 3.2(PTM0. l)(PTO.9) 
There is ample evidence showing that as protein mass increases then the amount of 
water associated with protein in the lean mass reduces (Whittemore, 1987). 
Whittemore (1983, 1987) summarised the data from Tullis (1982) and Henderson 
(1982), and proposed the protein mass (PT), fat mass (LT), ash mass (AT), total body 
water (YT), empty body weight (WE), gut (GUT) and liveweight (W) after first day 





WE = FF+ LT+AT+ Yr 
GUT = 0.05 WE + (0.05 WE)(0.008(CF-40)) 
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W = WE + GUT 
Whittemore (1983, 1987) suggested gut contents (ingesta, digesta and large intestinal 
waste) usually comprise about 0.05 of the liveweight and this was used in the pig 
growth model of Moughan et aL (1987). Black et aL (1986) also assumed that gut fill 
represented 0.05 of total weight except for animals weighing more than 70 kg and 
given diets containing less than 14 MJ DE/kg, since the gut contents of pig weighing 
more than about 70 kg increase with a decrease in the energy content of the diet 
(Owen and Ridgman, 1967). In an experiment of Whittemore, Tullis and Eminans 
(1988), empty body weight was about 0.919 liveweight. Stranks et aL (1988) suggested 
that when pigs were fed ad libitwn or normally weighed after feeding, gut fill should be 
around 0.1 liveweight. If feed were restricted and pigs were weighed before feeding 
0.05 of liveweight was considered appropriate. Gut size increases with increasing 
dietary fibre (Pond, 1984) and killing-out percentage is reduced (Builman et aL, 1989). 
Therefore, use of crude fibre of feed eaten to adjust the empty body weight seems to 
be more logical than the simple assumption that gut contents are 0.05 of liveweight 
which is used in the Edinburgh Model Pig V1.0. The liveweight is thus generated from 
empty body weight (WE) and gut contents (GUT). 
2.4 The relationship between feed intake and growth 
First, it is evident that growth is dependent upon an adequate feed intake to support it. 
Second, it is a plausible, but not invariable, proposition that pigs with greater growth 
potential will also have greater feed intakes. This latter is not well tested, while both 
contentions must be modified by feed density and physical limits to appetite. Bark et 
aL (1989) used pigs of high and medium genetic capacities for lean tissue growth and 
found that energy or feed consumption of pigs was related to the genetic capacity for 
lean tissue growth. In pigs of high lean tissue genotype, maximum voluntary energy 
intake (measured as a multiple of maintenance) was achieved at a heavier weight 
compared with pigs of medium lean tissue genotype. Pigs of high lean tissue genotype 
had lower energy intake during the growing phase. However, both genotypes had 
similar energy intakes in the finishing phase. According to the results for voluntary 
feed intake and growth rate, Campbell and Taverner (1986) suggested that the pig's 
demand for energy and consequently its response to dietary energy concentration was 
affected by dietary fibre concentration. 
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An empirical approach may sometimes result in an unreasonable conclusion. 
Whittemore (1987) gave a good example using a regression relationship between 
fatness and liveweight: the empirical correlation would lead to the conclusion that 
slaughter at a heavier weight would invariably result in fatter carcasses. This misused 
relationship is quite inadequate for effective simulation of the type required by 
production manager. A deductive approach modified from Whittemore (1987) is 
shown in Figure 2.3 in the form of a flow diagram describing the system relating feed 
input to growth. 
Daily DE intake (MJ/day) can be established from DE content of the diet and daily 
feed intake (Whittemore, 1983, 1987): 
DE(Mj/day) (DE)(FEED) 
Whittemore (1987) suggested that digestible crude protein (DCP) could be 
determined from apparent digestibility coefficient (DIG) of protein and daily crude 
protein (CP, kg/kg) from feed intake. The pig requires dietary proteins to build its 
important body structures. However, the pig can only synthesize some amino acids 
and the rest must be provided in the diet. Low (1981) concluded that the 
opportunities for improving the efficiency of use of amino acids in practical diets 
appear to be: (1) improvement of the amino acid composition of the diet to match the 
requirements of the pig more dosely; (2) increasing the proportion of the dietary 
amino acids that are absorbed in the small intestine. The question of the dietary 
amino acid pattern required by growing pigs has been reviewed in the past few years 
(Cole, 1979; Low, 1981; ARC, 1981; Low, 1981; Fuller and Chamberlain, 1983; 
Tanksley and Knabe, 1984; Yen et aL, 1986a; Yen et aL, 1986b; Wang and Fuller, 1989; 
1990; Fuller et aL, 1989). English et aL (1988) summarised that there are some ten 
essential amino acids and that they should be supplied in the diet approximately in the 
same ratio as they are required in the body. Unfortunately, feedstuffs used in pig diets 
vary not only in their amino acid pattern but also in digestibility of the individual 
amino acids. A significant amount of amino acids is lost on the way from the feed to 
the site of protein retention in the pig. According to ARC (1981), the available amino 
acids in a pig diet are that proportion of the total amino acids in the diet that is not 
combined with compounds which interfere with its digestion, absorption or utilisation 
by the pig. The availability for each amino acid is that part of the total amount in the 
feed which is actually supplied to the sites of protein synthesis. English et al. (1988) 
also summarised that protein which fails to be digested in the small intestine down to 
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its lowest part (the terminal ileum) passes the ileo-caecal valve and can now no longer 
yield its amino acids to the pig. This is because in the large intestine the bacteria 
vigorously attack the protein with their own enzymes and either break it down to veiy 
simple nitrogenous substances such as ammonia or urea, or incorporate the amino 
acids directly or in modified form into their own structures. Moughan and Smith 
(1982) concluded that the microflora of the large intestine ferment undigested 
residues to yield products of little or of no nutritional value to the pig. The large 
intestine is unable to absorb amino acids. 
Black et aL (1986) concluded that Heal digestibility of amino acids provides a 
reasonable approximation of availability for most diet ingredients. Laplace et aL 
(1989) concluded that Heal digestibility of amino acids provides a better estimate of 
amino acid availability than faecal digestibility, as ileal measurements allow a better 
discrimination between diets than faecal measurements when distinct fibre sources are 
used alone or in combination at the same total fibre content. That is why Heal 
digestibifity values are more reliable than faecal digestibility values. NRC (1987) 
recommended the formulation of swine diets on the basis of available amino acids 
when the availability of lysine, tryptophan, threonine in the ingredients is less than 0.7 
or more than 0.9. Sauer and Ozimek (1986) summarised that amino acid digestibility 
coefficients obtained by the faecal analysis method are, for most amino acids in most 
feedstuffs, higher than those obtained by the ileal analysis method. Tanksley and 
Knabe (1984) concluded that Heal digestibility values can help in formulating diets 
more precisely. Whittemore (1990) indicated that the use of Heal digestible essential 
amino acids appears to be a satisfactory way of assessing feed ingredients and 
satisfying nutrient specifications for a pig diet. For the described above reasons, in 
order to obtain an accurate description of the value of feedstuffs, it is important to 
incorporate an estimate of their potential ability to yield up their amino acids prior to 
the terminal ileum. Therefore, the use of Heal digestibility and utilisation of protein 
and amino acids is more precise for calculation of total utilisable protein (WI'). The 
apparent Heal amino acid digestibility estimates pertaining to some individual dietary 
ingredients have been specified by Moughan and Smith (1984) and Moughan et aL 
(1987). Although the Working Party of Stranks et aL (1988) recommended that the 
use of apparent Heal digestibility of amino acid is more correct than apparent faecal 
digestibility, the model used here maintains a flexibility for the user to set different 
value which can be represented as apparent faecal or Heal digestibility of protein. 
DCP(kg/day) = (DIG) (CP)(FEED) 
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Whittemore and Elsley (1976) used 0.8 for digestibility of protein and suggested that it 
is likely to be in the range 0.80-0.85 for most conventional UK diets. The estimate of 
usable protein is adjusted downwards to account for the mechanical inefficiencies of 
transfer of ideal protein absorbed to ideal protein used, which appear to result in the 
losses of 0.15 (Stranks etaL, 1988). Thus, the total utilisible ideal protein (1FF) can be 
calculated as follows: 
IPT= 0.85(DCP)(PV) 
where PV is protein value (also called biological value). In the model, PV can be as 
input or estimated from the lowest value in the comparison of the proportion of each 
individual amino acid in the feed protein with that in ideal protein (Whittemore, 1987; 
Stranks, et aL, 1988). The essential amino acid composition of a suggested ideal 
protein was given by Whittemore (1987) and expressed as grams per kilogram of ideal 
protein; histidine 25, isoleucine 40, leucine 80, lysine 70, metbionine + cystine 40, 
tyrosine + phenylalanine 70, threonine 40, tryptophan 10, valine 50. The rest of the 
ideal protein composition comprises 575 g/kg of non-essential amino acids. The 
method for determining PV takes no account of imbalance amongst amino acids 
consequent upon oversupply. There is reason to believe that, in the case of some 
amino acids, oversupply may be a detrimental factor with a negative influence upon 
PV. Scoring negatively for imbalance due to oversupply would have the practically 
realistic effect of reducing PV in circumstances where the more simple calculation 
appears to come to an unexpectedly high score. Whittemore (1983) suggested that PV 
in growing pig diets might have a score in the range of 0.65 - 0.80 and baby pigs diet 
for pigs in the ranges 20 - 50 kg and 50 - 90 kg were 0.8 and 0.7. Effective 
metabolisable energy (MEl) is the energy available for work and for energy storage in 
tissue, but excludes energy lost in urine or used for deamination. Whittemore (1983) 
described this relationship as: 
MET= QD + 23.6PR+ EPF 
where 23.6PR is the energy content (MJ) of retained protein (McDonald et aL, 1988); 
and 
EPF = DE-23.6DCP 
CO 
which is a measure of the protein-free digestible energy (EPF) on the basis of feed and 
body protein having 23.6 MJ energy per kilogram (Whittemore, 1983; McDonald et aL, 
1988). 
The parameter QD represents the energy yielded from protein deaniination. 
Assuming urine to carry 7.2 Mi/kg of protein deaininated and the work energy needed 
for urea synthesis to be 4.9 Mi/kg protein deaminated (Whittemore, 1983, 1987; 
McDonald et aL, 1988), then: 
QD = 23.6PM-(7.2PM + 4.9PM) 
where PM is the protein deaminated; that is, all the protein that is digested but not 
retained in tissues in the process of protein retention (PR) (Whittemore, 1983, 1987): 
PM = DCP-PR 
Emmans (1990) gave the following equations to describe the nutrient composition of 
food eaten by pigs. 
FEEC = MEC-4.67DCP-3.8FOMC + 6DCL 
where FEEC is food effective energy content (Mi/kg) and is calculated from food 
metabolisable energy (MEC), digested crude protein content of food (DCP, kg/kg), 
faecal organic matter content (FOMC, kg) and digested crude lipid content (DCL, 
kg/kg). MEC is estimated from DE by taking the energy retained in DCP to be 5.63 
Mi/kg. It is suggested that heat of protein catabolism is 4.67 MJ/kg, heat of faecal 
organic matter is 3.8 Mi/kg and it is assumed that the energy retained from digested 
lipids is 12k Mi/kg (k is the proportion of digested lipid retained directly and given a 
value of 0.5) (Emmans, 1990b). DCP, DCL, FOMC and MEC are given by: 
DCP = (DIG)(CP) 
DCL= (LDIG)(CL) 
FOMC = OMC-(DCP + DCL+ DCHO) 
MEC = DE-5.63DCP 
where CP is crude protein contents of the food (kg/kg), DIG is protein apparent 
digestibility coefficient, CL is crude lipid content of the food (kg/kg), LDIG is lipid 
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digestibility coefficient. OMC is food organic matter content (kg/kg) and is derived 
from food ash contents (ASH, kg/kg) and moisture contents (WATER, kg/kg): 
OMC= 1-(ASH+ WATER) 
DCHO is digested carbohydrate (kg/kg) and is evaluated from food metabolisable 
energy content (MIEC, MJ/kg) by taking the energy retained in digested crude protein 
and digested lipid to be (23.8-5.63) MJ/kg and 39.6 MJ/kg, where 23.8 and 5.63 are 
the heat of combustion of protein (MJ/kg) and the urinaiy energy of protein 
catabolised (MJ/kg) respectively. The energy content of digested carbohydrate is 17.2 
MJ/kg, therefore: 
DCHO = (MEC-18. 17DCP-39.6DCL)/ 17.2 
2.5 Food Intake needed to meet energy requirements 
ARC (1981) suggested a preferred estimate of the metabolisable energy (ME) cost of 
maintenance (EM) (MJ/day) for growing pigs from 5 to 90 kg: 
EM = 0.719W063 
However, this equation does not allow for those pigs containing higher body protein 
mass (PT, kg) due to either the sex (Fuller, 1981) or breed (Sharma etaL, 1971). Since 
most maintenance activities occur in the intestines, liver and muscle tissue, 
Whittemore (1983, 1987) proposed a method to evaluate EM from the total body 
protein mass (PT): 
EM= 1.85FF° 78 
Campbell et aL (1985a, b) estimated that DE requirements for maintenance were 15.9 
MJ/day (0.664 MJ/kg W075 per day) and 12.4 MJ/day (0.51 MJ/kg w0.75 per day) 
for entire males and females respectively. Graham et aL (1974) found that the effect 
of growth rate on the maintenance energy requirements of sheep was constant at 2.8 
kJ/g of body weight change irrespective of body weight. Black et aL (1986) used this 
data and suggested that EM can be derived from the following equation: 
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EM = 1.67PT° 78 + 0.0028GB 
where GB (g/day) is rate of body weight change. This value,  used in the sheep, lacks 
sufficient evidence for use in the pig. Emmans (1986), Emmans and Kyriazakis (1989) 
and Emmans (1990a) proposed that the energy needed for maintenance could be 
calculated from total protein mass (PT kg) and mature total protein mass (PTM, kg). 
Because pigs with different genotype and sex have different protein masses, the 
following equation was given to calculate the energy requirement for maintenance. 
EM = (1.63 VFM.27) (Fr) 
In normal growth, the desired protein mass (PTC) of a pig should be about five times 
the total ash mass (AT) (Tuilis, 1982; Kyriazakis et aL, 1990). The concept suggested 
here is that in the case of protein deficit, pigs will try to eat more food to compensate 
the deficit (VFC-PT). Therefore daily protein retention will try to reach maximum 
protein retention (PRM) plus compensatory protein growth (PTC-PT). Similarly the 
desired lipid mass (LTC) and minimum desired lipid retention (LRM) can be 
calculated from desired protein mass (PTC, kg), potential protein mass at maturity 
(PTM, kg), desired ratio of lipid mass to protein mass at maturity (LPRM, kg) and 
scaling of the lipid mass to protein mass during potential growth (b) (described in 
Table 2.2 on page 31). Whether the pig has a lipid deficit or an excess, it will still try to 
reach the minimum desired lipid retention (LRM) and to increase lipid retention by 
LTC-LT, where LTC is the desired lipid mass (kg), LT is total lipid mass (kg). This 
will be dealt with below. 
PTC = 5AT 
PRM = (B)(PT)log(PTM/VF) 
PR = PRM + (PTC.PT) 
LTC= (LPRM)(PTMb)(PTC(b+ 1)) 
LRM = (LPRM)(b + 1)(PTM/PT)b(PR)=LR 
LR=LRM+(LTC-LT) 	 if LTC>LT 
VFM can be assumed to be in the region of 30 to 40 kg, depending on sex and 
genotype, and its parameter value is shown in Table 2.1 on page 28. The values are 
derived from Whittemore, Tullis and Emmans (1988) and Kyriazakis (1989). 
23 
The energy cost of protein retention (EPR) has two components, the energy retained 
in protein (23.6PR) and the work energy used to drive the anabolic processes of 
protein growth (Whittemore, 1983; McDonald et aL, 1988). ARC (1981) referred to 
Miliward et aL(1976) who proposed 5 mole Al?, or about 3.6 MJ to form 1 kg protein. 
EPR can thus be calculated from the total mass of protein turned over in one day (PX) 
(kg/day) and protein retention (PR) (kg/day): 
EPR=3.6PX+23.6PR 
Whittemore (1983, 1987) assumed that there was a minimal value of PX, probably in 
the region of 0.05 of the total body protein mass (PT) and PX was assumed to be a 
function of degree of maturity and calculated as follows: 
PX = PR/(0.23(PTM-PT)/PTM) 
PXmin = 0.05FF 
Enimans (1990b) gave a revised method from feed-related view to calculate EPR: 
EPR= (36.54.67)PR+ (23.8-5.63)PR 
where 36.5 is the heat production (MJ/kg protein retention), 4.67 is the heat of 
protein catabolism (MJ/kg), 23.8 is the heat of combustion of protein (MJ/kg) and 
5.63 is the urinary energy (MJ/kg protein catabolised). Therefore EPR is a 
combination of heat production after catabolism and urinary energy taken away from 
heat of combustion of protein. The Working Party of Stranks et aL (1988) accepted 
0.54 as the efficiency of conversion of ME for protein deposition. Given this value, 
and the energy content of protein as 23.8 MJ/kg, the ME requirement for protein 
deposition is therefore 44.1 MJ/kg. 
The energy costs of fat growth (ELR) can be evaluated by taking the energy retained 
in lipid to be 39.6 MJ/kg and the energy cost of its deposition as 13.9 MJ/kg, following 
from an energetic efficiency of 0.74 (ARC, 1981; Whittemore, 1983). 
ELR = 13.9LR+ 39.6LR 
However, Stranks et aL (1988) indicated that when fat anabolism results from dietary 
fat ingestion, the efficiency of lipid deposition from dietary lipid may be higher (about 
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0.90). Clearly therefore, the energy cost of lipid deposition, as the energy cost of 
protein deposition, must to some extent be feed-related and this should be allowed for 
in any effective model of energy needs. Fowler (1979) summarised that the efficiency 
of lipid retention for the pig remained fairly consistently in the narrow range of 0.70-
0.77. Emmans (1990b) used 0.70 to calculate ELR from feed-related view and 
proposed: 
ELR= 16.4LR+ 39.6LR 
Close and Fowler (1983) concluded that ME intake (MJ/day) could be partitioned 
into three separate components: the energy requirement for maintenance, for protein, 
and for fat deposition with respective energetic efficiencies of protein and fat 
deposition. Fowler (1979) summarised that energetic efficiencies for protein and fat 
retention ranged from 0.36 to 0.57 and from 0.70 to 0.77 respectively. Therefore, 
effective energy requirement (EERQ, MJ/day) can be evaluated from EM, EPR and 
ELR 
EERQ=EM+EPR+ELR 
The prediction of food intake needed to meet the energy requirement (DFIE) is thus 
derived from EERQ and food effective energy content (FEEC, MJ/kg): 
DFIE (kg/day) = EERQ/FEEC 
2.6 Food Intake needed to meet protein requirements 
The ideal protein requirement for maintenance (1PM) is the amount needed to 
support the obligatory losses from the body as a result of the inefficiencies of protein 
turnover and comprises the rate of urinary excretion (Whittemore, 1987). Whittemore 
(1983) interpolated from Carr et aL (1977) and proposed that obligatory loses of 
protein in the urine may be estimated from metabolisable body weight. 
1PM = 0.94 W°•75 
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Moughan and Smith (1984) used a slightly higher estimate as IPM= 1.06W° 75. 
Whittemore (1983) gave an alternative equation for the calculation of 1PM based on 
total protein mass (PT). 
rPM = 0.004PT 
Emmans (unpublished data) suggested that 1PM was proportioned to the energy cost 
for maintenance (EM). 
1PM = 0.005EM 
The total ideal protein absorbed (1FF) is partitioned into protein required for 
maintenance (1PM) and for protein retention (IPPR). So: 
IPPR=IPT-IPM=PR 
This relationship will hold until PR=PRM (Whittemore, 1987), where PRM is daily 
potential protein deposition (kg). 
Whittemore (1983; 1987) assumed that daily protein retention responds linearly to 
increasing nutrient supply until the plateau is reached which corresponds to the 
genetic potential of the pig (PRM). Whittemore (1986a) gave a general linear/plateau 
hypothesis for lean tissue growth. The plateau for daily lean tissue growth rate is 
dependent on sex and strain of pig being greater for entire males and improved 
genotype (Whittemore, 1986b). This plateau appeared to be related to liveweight in a 
quadratic way, and likely values of the protein deposition (kg/day) for pigs of 20-120 
kg liveweight are from 0.09 to 0.14 kg (Whittemore, 1987). The pig growth models of 
Moughan and Smith (1984), Moughan et aL (1987) and Ferguson (1988) also assumed 
that there was an intrinsic upper-limit to protein retention which was influenced by 
genotype and sex. 
Campbell et aL (1985a, b) reported that there are differences in growth perfonnance 
and body composition between entire males and female animals, and between these 
two sexes and castrated males of the same breed and genotype. Whittemore (1986b) 
concluded that there is little evidence that maximum lean tissue growth rate is either 
age or weight dependent; given adequate feed intake, potential rates appear to be as 
readily attainable early in life as later. 
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Whittemore (1987) has explained that only PR, not PRM, can be measured 
experimentally and only in the absence of nutritional and other environmental 
constraints will PR approach PRM. This would be shown by a plateau in the response 
of PR to increasing nutrient inputs, but there is no sure method of knowing that any 
maximum potential has indeed been approached. It is simplistic to assume, merely 
because PR does not respond further to increasing nutrient supply, that necessarily 
PR=PRM. Increasing values for PR as the pig grows from 5 to 40 kg may be a 
function of increasing appetite or of an extending limit to PRM. Stranks et al. (1988) 
also accepted the assumption that maximum protein deposition rate reached a plateau 
within the weight range 40-100 kg, but they suggested that it was inappropriate for pigs 
with liveweights greatly in excess of this. Carr Ct al. (1977) and Black et al. (1986) 
proposed that the relationship between liveweight and protein deposition was 
quadratic in nature, with maximal protein growth occurring at 40-50% of mature body 
weight and then gradually faffing back to zero at maturity. Siebrits et aL (1986a, b) 
described daily protein retention rates by a quadratic function of liveweight with great 
differences between sexes and genotypes in both the level and the time of achieving 
maximum protein retention. In a later experiment, Whittemore, Tullis and Emmans 
(1988) reported that PRM must diminish as a function of proportion of mature 
protein mass achieved when the pig approaches maturity. Emmans (1981, 1985, 1986, 
1987), Emmans and Oldham (1988) assumed that the potential protein growth curve is 
a Gompertz function of time. According to recent experimental work, Whittemore, 
Tullis and Emmans (1988), Whittemore (1989), Kyriazakis (1989), Emmans and 
Kyriazakis (1989) and Whittemore and Morgan (1990) strongly recommended the 
Gompertz function to express the change in weight of the pig and its body components 
in relation to time and to predict weight at maturity. The following equation was thus 
proposed to predict the daily potential protein retention: 
PRM = (B)(PT)log(PTM/PT 
where PRM is potential daily protein retention (kg/day), B is the growth rate 
parameter, PT is the total mass of protein (kg), and PTM is the mature total protein 
mass (kg). PTM is difficult to quantify as few experiments have taken pigs through to 
their mature size and then determined protein mass. What evidence there is suggests 
a value between 30 and 40 kg, the lower relating to castrates and higher to entire males 
(Whittemore, 1987). The B values for entire males, females and castrated males 
estimated by Whittemore, Tulils and Emmans (1988) are 0.010, 0.011 and 0.010 
respectively. The parameter values of PTM and B of different genotype and different 
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sex suggested here are shown in Table 2.1. 
Table 2.1 The values of the parameters PTM and B 
Genotype Entire males Females Castrates 
Improved 40.0 37.5 35.0 
PTM 	Commercial 37.5 35.0 32.5 
Utility 35.0 32.5 30.0 
Improved 0.0140 0.0135 0.0130 
B 	Commercial 0.0135 0.0130 0.0125 
Utility 0.0130 0.0125 0.0120 
To compensate the protein growth, an assumption was made that the normal desired 
protein mass (PTC, kg) of pigs is 5 times of total ash mass (AT, kg) of pigs. Daily 
maximum protein retention after compensation (PR1, kg/thy) can now be adjusted by 
maximum protein retention (PRM, kg/thy), PTC and actual protein mass (PT, kg). 
Daily protein retention (PR) must not exceed PR1. 
PTC = SAT 
PR1 =PRM+ (PTC-FF) 
Emmans (unpublished data) suggested ideal protein requirement (IPRQ, kg/thy) can 
be derived from ideal protein requirement for maintenance (1PM, kg/day), daily 
maximum protein retention after compensation (PR 1, kg/thy) and the efficiency of 
use of protein (PEFF). 
IPRQ = 1PM + (PR1/PEFF) 
According to recent work of Kyriazakis (unpublished data), PEFF is a function of the 
energy: protein of the food and is in the range of 0.65 - 0.85. 
PEFF = 0.0125(FEEC/DCP) 
where FEEC is effective energy content of the food (MJ/kg), DCP is digestible crude 
protein content of the food (kg/kg). The prediction of the food intake needed to meet 
the protein requirement (DFIP) is thus derived: 
DFIP (kg/day)=IPRQ/FIPC 
where FIPC is ideal protein content of the food (kg/kg) and is derived from digested 
crude protein content (DCP, kg/kg) and protein value (PV): 
FIPC= (PV)(DCP) 
2.7 Food Intake needed to meet ash requirements 
In the normal growing pig, total body ash (AT) is estimated to be about 0.20 of total 
body protein (PT) (Tullis, 1982; Henderson, 1982). According to some experiments at 
the Edinburgh School of Agriculture (Henderson, 1982; Whittemore, Tullis and 
Emmans, 1988; Kyriazakis et aL, 1991), ash growth is quite stable compared to protein 
growth in the growing stage. Jongbloed (1987) summarised that bone growth has the 
lowest growth coefficient; varying from 0.69 to 0.92, with increasing liveweight. The 
major component of the bone growth, in terms of mineral or ash growth, is Ca and P 
(Whittemore, 1980b). According to ARC (1981), the rate of increment of mineral per 
unit of fat-free body weight showed a steady and progressive increase from birth to 90 
kg liveweight, and agreed well with the principles of skeletal tissue growth. ARC 
(1981) concluded that the true and apparent digestibility of Ca decreased as pigs 
increased in weight even when they had similar composition diets throughout; but the. 
decrease in efficiency of utilisation of dietary P for pigs of increasing liveweight was 
not obvious. The efficiency of absorption of Ca were reported of from 0.98 at 5 kg to 
0.47 at 90 kg liveweight depended on the source, and an average value of 0.50 for P 
was assumed (ARC, 1981). Whittemore et aL (1972), who used 25-kg pig with a diet 
comprising 100 g fish meal/kg, indicated that availabilities of Ca and P at the higher 
level of intake were 0.415 and 0.781 respectively, while they were 0396 and 0.826 at 
the lower level of intake. ARC (1981) summarised that when fish meal was replaced 
by vegetable protein as a protein source and inorganic Ca and P were used, the Ca 
availability apparently increased to 0.597 for the 25-kg pig and 0.524 for the 55-kg pig. 
ARC (1981) suggested that the P availability was between 0.75 and 0.85 for pigs 
between 25 and 55 kg. it is expected that daily ash retention (AR) will reach ARM 
with non-limiting ash contents of the food. If bone maintains the normal growth pre-
or post-shortage of nutrition, then the datum of ash retention could be a useful 
indicator to show when protein retention is disturbed or changed. In the model, it is 
also assumed that ash digestibility coefficient, ash value and ash efficiency are 0.7, 0.8 
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and 0.8 respectively. Digested ash contents of the food (DAC, kg/kg), ideal ash 
contents of the food (FIAC, kg/kg), ideal ash requirement for maintenance (LAM, 
kg/day), ideal ash requirement (IARO, kg/day) and food intake needed to meet the 
ash requirement (DFIA, kg/day) can thus be derived as protein requirement in the 
growing p1& - 
ARM = (B)(AT)log(0.2PTM/A1) 
DAC= 0.7ASH 
FIAC = O.8DAC 
JAM = 0.00 1EM 
LARO = JAM + (ARM/0.8) 
DFIA = IARQ/FIAC 
where B is the growth rate parameter, PTM is the mature total protein mass (kg) and 
is shown in Table 2.1. If the food intake needed to meet ash requirements (DFJA) 
also satisfies the energy requirements and protein requirements then this will be the 
actual intake unless food or environment constraints reduce it. This will be dealt with 
-later. If ash requirements are not satisfied then more food will be eaten, subject to the 
constraints of (i) bulk intake and capacity and (ii) the capacity to lose heat. 
2.8 The proportion of fat In live gain 
Whittemore (1983, 1987) assumed that the priority for MET (effective metabolised 
energy, MJ/day) was in the order EM (energy cost of maintenance, Mi/day), EH1 
(energy cost of cold thermogenesis, MJ/day), EPR (energy cost of protein retention, 
Mi/day), ELR (energy cost of fat growth, Mi/day) and suggested that the daily rate 
of lipid deposition (LR) could be calculated as: 
LR = (MET-(EM+ EPR+ EH1))/53.5 
Lipid retention may be consequent upon normal growth or upon excess of energy 
supply over direct needs. For purpose of predicting food intake it may be assumed 
that the consequences of excess are not normally sought. According to recent research 
in Edinburgh (Emmans and Kyriazakis, 1989), the daily potential lipid retention can 
be derived by a stochastic method from PT (protein mass, kg), PTM (potential protein 
mass at maturity, kg), LPRM (desired ratio of lipid mass to protein mass at maturity) 
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and b (scaling of the lipid mass to protein mass during potential growth) according to 
different genotypes and sexes. 
LR= LPRM(b+ 1)(PT/FTM)b(PR) 
If the model is to work satisfactorily, a view must be provided of the minimum level of 
fat that may be expected in nutrient limited gain when PR<PRM. Whittemore (1983) 
suggested that the minimum lipid constraint was specified in terms of a minimum ratio 
between daily lipid and protein retention rates and was assumed to be affected by sex 
and genotype of the pig. Table 2.2 is offered as an indicator for practical estimates of 
LPRM, the desired ratio of lipid mass to protein mass, and b, the scaling of the lipid 
mass to protein mass during potential growth (Kyriazakis, 1989). 
Table 2.2 Values for the desired ratio of lipid mass to protein mass (LPRM) at 
maturity and the scaling of the lipid mass to protein mass during potential growth (b) 
Genotype Entire males Females Castrates 
Improved 2.0 2.5 3.0 
LPRM 	Commercial 2.5 3.0 3.5 
Utility 3.0 3.5 4.0 
Improved 0.55 0.65 0.74 
b 	Commercial 0.65 0.74 0.83 
Utility 0.74 0.83 0.91 
If protein or energy or ash requirements are not satisfied then more food will be 
eaten. However, the bulk of the food affects the quantity of food eaten (Braude, 1967; 
Procter and Wright, 1927). Because there is little knowledge on the quantification of 
bulk of food at present, Emmans (unpublished data) assumed that the capacity for 
food bulk could be evaluated from FOMC (faecal organic matter content, kg/kg) and 
total protein mass (PT, kg/day): 
FIM = O.075PT/FOMC 
where VIM is maximum food intake (kg/day). FOMC is faecal organic matter 
contents which is from organic matter contents of the feed (OMC) by taking off 
digested crude protein contents (DCP), digested crude lipid contents (DCL) and 
digested carbohydrate contents of the food (DCHO). It is assumed that pigs can eat 
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75 g FOMC/kg body protein mass per day, and food eaten by the pig (F!, kg/day) can 
not exceed FIM. Suppose the composition of the diet is crude fibre (CF) = 0.04 kg/kg, 
crude protein content (CP) = 0.16 kg/kg, protein digestibility coefficient (COE) = 0.90, 
crude lipid content (CL) = 0.03 kg/kg, digestibility of the crude lipid (LDIG) = 0.90, 
water content (WATER) = 0.09 kg/kg, ash content (ASH) = 0.09 kg/kg, DE =13 
MJ/kg, then OMC = 1-(0.09 + 0.09) = 0.82; DCP = 0.16 x 0.9 = 0.144; DCL = 0.03 x 
0.9=0.027; metaboilsable energy intake (MEC)= 13 - 5.63 x 0.144=12.1893; 
DCHO=(12.1893 - 18.17 x 0.144 - 39.6 x 0.027)117.2=0.4944; and FOMC=0.82 - 
(0.144 + 0.027 + 0.4944) = 0.1546. If 100 kg of the pig has 16 kg PT, then maximum 
feed intake (FIM)=0.075 x 16/0.1546 = 7.762 kg. If feed intake is restricted, new 
protein retention (kg/day) can be derived from the following equation: 
PR = (F! x FJPC-IPM)(PEFF) 
where FIPC is food ideal protein content (kg/kg), 1PM is ideal protein requirement 
for maintenance (kg/day) and PEFF is the efficiency of use of protein. PR can not 
exceed PR1 (maximum protein retention after compensation, kg/day). Minimum 
desired lipid retention (LRM, kg/day) should therefore be re-calculated from PT 
(protein mass, kg), PTM (potential protein mass at maturity, kg), LPRM (desired 
ratio of lipid mass to protein mass at maturity) and b (scaling of the lipid mass to 
protein mass during potential growth). The parameter values used here have been 
discussed before. If food intake is more than the food intake needed to meet the 
energy requirement (DFIE) then some energy will be excess and cause extra lipid 
retention (LREX): 
LRM = LPRM(b + 1)(PT/PTM)b(PR) 
LR = (F! x FEEC-50PR-EM)/(39.6 + 16.4) 
LREX = LR-LRM 
2.9 Heat production 
The climatic environment is predicted to have a considerable effect on voluntary feed 
intake (Black et al., 1986). High temperature has a negative influence on growth rate, 
and the assumed cause is a reduction in appetite (Smith et a!, 1988). However, below 
the lower critical temperature (LCT) the animal has to increase its rate of heat 
production in order to maintain its deep body temperature within the narrow range 
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compatible with normal function. This increase in energy requirement would be 
expected to result in increased food intake (Forbes, 1986). Braude (1967) summarised 
that the climate (temperature, humidity, etc.), both inside and outside the piggeries, 
could influence feed consumption. Brent (1986) described how different pigs had 
different lower critical temperatures. Smith et cii. (1988) suggested that food intake 
was reduced under conditions of high environmental temperature, or was increased 
when ambient temperature falls below the animal's lower critical temperature, to the 
extent of 0.66 gram per kg live body weight per degree Celsius of effective heat (T-
LCT), where T is the internal effective environmental temperature and LCT is the 
lower critical temperature calculated as: 
LCT= 24-0.15W 
and where (TLCT) ranged from -14 0C to +16°C (Smith et al., 1988). The slope of 
-0.66 gram feed per kg live body weight per °C is a little lower than values of -0.8 and 
-1.1 which can be interpolated from the data of Nichols et al. (1980) and Sugahara et 
cii. (1970), and also a little lower than the 2.5% reduction per °C indicated by Close 
and Mount (1978). For pigs in groups in the body weight range 20-50 kg, Mount 
(1975) proposed that the calculated air temperature for maximum productivity ranged 
from 140C in an insulated house free from draughts to 220C in an uninsulated house 
with draughts in winter. For the growing pig, it has been calculated that each 10C 
change in temperature is associated with a 0.65 MJ ME per day change in energy 
intake (Close, 1989). 
Whittemore (1983) calculated the effective internal environmental temperature of the 
house (T) by using ambient temperature (TH), rate of air movement and degree of 
insulation (yE) and floor type in lying area (VL). The VE adjustment used scores of: 
1, insulated not draughty; 0.9, not insulated not draughty; 0.8, insulated slightly 
draughty; 0.7, insulated draughty; 0.6, not insulated draughty. Similarly VL was 
scored: 0.7, slatted floor; 1.0, no bedding; 1.2, some bedding; 1.4, deep straw bed. 
Therefore: 
T= (TH)(VE)(VL) 
Blaxter (1977) used rectal temperature (TR) (39 0C), the minimal loss of heat by 
vaporising moisture (E), tissue insulation (IT), the heat arising from metabolism (H) 
and external insulation (IE) to calculate critical temperature (TC): 
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TC=TR+E(IE)-H(IT+IE) 
Whittemore (1987) described the dependence of critical temperature upon the heat 
output (H) from the body and it could be expressed for liveweights of 10 kg or more 
as: 
TC = 27-O.6H 
where TC is the critical temperature, H is 0 or positive. Close and Mount (1975) 
concluded that the critical temperature for a fasting pig weighing 25-40 kg was 
approximately 250C. From the relation between environmental temperature, food 
intake and growth, it was shown that for young pigs the optimum temperature range 
was between 20 and 25°C; for old animals it was between 10 and 20 0C (Close, 1989). 
Critical temperature was also dependent upon food intake and ME intake (Close et 
aL, 1971; Close and Mount, 1978; Close et aL, 1978; Close and Stanier, 1984). The 
value of H is generated from within the model as the sum of the work energy used for 
maintenance, and for the growth of protein (PR) and fatty tissues (LR); or by 
difference (Whittemore, 1983, 1987; Emmans, 1990a). 
H = (MEC)(FI)-(23.8-5.63)PR-39.6LR 
Similarly, heat production (HP, MJ/day) can be derived from food intake (Fl, kg), 
metabolisable energy content of the food (MEC, MJ/kg), effective energy content of 
the food (FEEC, MJ/kg), protein retention (PR, kg/day), lipid retention (LR, kg/day) 
and energy requirement for maintenance (EM, MJ/day): 
HP = (MEC-FEEC)(FI) + (36.5-4.67)PR+ 16.4LR + EM 
At temperatures equal to or above critical temperature (TC), HP is the same as H. At 
temperatures below the critical temperature (TC), energy is required for cold 
thermogenesis and is diverted from fat growth at first, and then from both fat and lean 
growth in order to satisfy this need. As a result, pigs grow more slowly in the cold than 
in the warm (Whittemore, 1987). Holmes and Close (1977) concluded that the 
mechanisms which the pig can utilise in order to maintain the balance between heat 
produced and heat lost fall conveniently into two classes: those which control the rate 
of heat production in the body and those which control the rate of heat loss from the 
body. Close and Mount (1976) proposed that the estimation of total energy retention 
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(ER) could be calculated as the difference between ME intake and H. Close et aL 
(1978) indicated that ER at each plane of nutrition increased with temperature to 
maximal values between approximately 20 and 25 0C. 
Close (1971) reported that total heat loss from individual pigs (20 to 40 kg liveweight) 
at 70C was significantly greater than at 20 0C or 300C, but there was no significant 
difference in heat loss between temperatures of 20 0C and 300C. Verstegen and Van 
Der He! (1974) indicated that at temperatures below the critical temperature, heat 
production was increased. The increase in extra thermoregulatory heat production 
was on average 9.9 kJ/WO -75  per °C below the effective critical temperature. 
Verstegen et aL (1973) used castrated male pigs, 25-30 kg initial weight, and found that 
heat loss was higher at 80C than at 200C and was independent of plane of nutrition, 
whereas at 200C the higher heat loss occurred at the higher plane of nutrition. Energy 
retention depended on both temperature and feeding level. However, nitrogen 
retention was not influenced by environmental temperature but varied with plane of 
nutrition. Fuller and Boyne (1972) reported that heat production increased with body 
weight and daily food intake and with faffing temperature. The energy requirements 
for maintenance at 50C, 130C and 230C were 176 1W 57, 1473W057 and 891W 57 
(kJ) respectively. 
Holmes and Coey (1967) found that pigs fed ad libitwn at 120C ate more food than 
those at 220C, whereas the higher temperature resulted in faster growth, more 
efficient feed conversion and increased length of carcass. Other carcass characteristics 
were not significantly altered. Holmes (1971) showed that food intake was reduced by 
5-7% during the period of exposure to 32 0C compared with 22-24°C; backfat depth 
was significantly increased at the higher temperature. Sugahara et aL (1970) estimated 
the effect of ambient temperature (7, 23, 33 0C) on performance and carcass 
development in young pig and found that feed intake decreased significantly at 33 0C 
and increased significantly at 7 0C; rate of gain decreased significantly at 33 0C and 
feed conversion ratio did not differ significantly among treatments, but pigs at 7 0C 
were the least efficient; carcass length also decreased significantly during cold 
exposure. In addition to change in carcass composition, ambient temperature has 
been shown to cause change in the type of fat deposited in the pig's carcass (Fuller et 
aL, 1974) 
Brent (1986) summarised that heat loss was governed by conduction, convection, 
radiation and evaporation. The rate of heat loss could be influenced by both the 
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circumstances under which the pig was kept and the way it was managed, such as 
nutrition, size of pig penning arrangements, housing structure and air movement. 
Emmans (unpublished data) estimated that heat loss (H) is scaled to weight raised to 
the 0.67 power. Scaled sensible heat loss depends only on the environmental effective 
temperature (T) and increases by 32 kJ/degree C/day as the temperature falls below 
380C. The minimum and maximum scaled evaporative heat loss are 350 and 500 
kJ/day respectively. From the above assumptions, the lower (LCT) and upper critical 
temperature (UCT) can be calculated for a pig producing heat at a given rate. 
LCT= 38-((H/W0.67)-O.35)/0.032 
UCT= 38-((H/W0.67)-0.50)/0.032 
To assist understanding the relationships among heat loss, protein retention, lipid 
retention and voluntary food intake, a flow chart of predicted food intake was created. 
This relationship is shown in Figure 2.4. 
2.9.1 	 intake  
The thermoneutral zone can be defined as the range of temperature within which heat 
production is independent of ambient temperature. Within this zone, heat production 
occurs at a rate which depends primarily on the level of feeding and the liveweight of 
the pig (Holmes and Close, 1977). Holmes and Close (1977) summarised that 
thermoneutral heat production of pigs weighing 20 to 180 kg can be predicted by the 
equation: H=0.27+0.32ME1, where H is heat production (MJ/W 075/day), MEl is 
metaboilsable energy intake (MJ/W 075/day). The amount of heat loss does not 
affect performance efficiency in this zone (Brent, 1986). Blaxter (1977) also concluded 
that heat production was not affected within the thermoneutral zone. Therefore, food 
intake is not changed when effective ambient temperature (T) is at the thermoneutral 
zone, between lower critical temperature (LCF) and upper critical temperature 
(UCF). 
2.9.2 PredIcted food Intake below lower critical temperature (T < LC) 
According to NRC (1981), lower critical temperature (LCT) can be assumed to be the 
lowest effective ambient temperature for optimal management of pigs at the feed 
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intake rate specified. At temperature below LCT, the pig must increase its rate of 
heat production to maintain thermal equilibrium. Pigs in groups huddle in the cold, so 
their heat loss, rate is less and their LCF is lower than that of those held singly (NRC, 
1981). If specific alterations in animal activity or productivity raise or lower 
metabolisable energy intake at maintenance, the lower critical temperature will change 
accordingly. Close and Mount (1978) found that the extra food required to meet extra 
thermoregulatoiy heat production per 1 0C below the effective critical temperature 
was 0.65 g/kg liveweight per day. 
Brent (1986) summarised that higher feed scales will reduce LCF for any size of pig; 
the larger the animal the greater its heat output and the lower its LCT. Verstegen et 
aL (1973) and Close and Mount (1976) showed that reduction in protein gain in the 
cold depended on feeding leveL The results from Fuller and Boyne (1971) showed 
that daily gain was depressed by 17.8 g for each 1°C fall of temperature between 3 0C 
and 230C. From a review of many trials, Verstegen et aL (1978) conduded that rate of 
gain was maximal and feed conversion was minimal at about 20 0C. They also 
indicated that at similar intakes of feed, daily gain was depressed by 15 g/°C below 
200C. Sugahara et aL (1970) used castrated male pigs weighing 9 to 32 kg and found 
that feed intake and lean muscle mass were significantly greater for pigs at 7 0C 
compared with those at 23 0C and 330C. Holmes and Coey (1967) found the same 
results with bacon pigs weighing between 18 kg and 90 kg. Seymour et aL (1964) 
studied the effects of protein level and environmental temperature on performance 
and carcass quality of growing-finishing pigs and they concluded that pigs had only a 
slight reduction in gain but increased feed intake at ambient temperature below 
16.50C. A summary from NRC (1981) was that the extra feed intake required by cold 
stressed pigs to maintain rate of gain comparable to that in the zone of 
thermoneutrality was about 25-30 g/°C of cold per day for pigs weighing between 20 
and 100 kg. Therefore in the present model, if the effective temperature (T) is below 
the lower critical temperature (LCT) then the animal needs more energy for cold 
thermogenesis; this will increase food intake to supply the extra heat (HEXTRA). 
The new heat loss (Hi) can thus be derived from equation mentioned above and will 
reach: 
Hi = (W0.67) (0 35 + 0.032(38-T)) 
HEXTRA = Hi-H 
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If the food intake needed to meet an energy requirement (DFIE) exceeds food intake 
(Fl) previously calculated, then extra food intake (FlEX) is needed and this can be 
calculated from metabolisable energy content of the food (MEC, MJ/kg): 
FlEX = HEXTRA/MEC 
FL = FT + FLEX 
If FL is greater than DFIE and the heat from excess lipid (39.6LREX) is greater than 
HEXTRA then food intake and protein retention (PR) are not changed. Lipid 
retention (LR) can therefore be derived after taking some lipid to supply extra heat 
needed. 
LR = LR-(HEXTRA/39.6) 
If Fl is greater than DFIE and the heat from excess lipid (39.6LREX) is less than 
HEXTRA then the new lipid retention (LR) can be derived by taking previously extra 
lipid residues (LREX). Extra food intake (FLEX) and new food intake can thus be 
derived: 
LR = LR-LREX 
HEX = (HEXTRA-39.6LREX)/MEC 
H = H + FLEX 
If food intake (FL) does not exceed maximum food intake (FIM) then Fl, PR and LR 
are not changed. Otherwise, Fl is equal to FIM, and new PR is recalculated by the 
following equation: 
PR= (Fl x FIPC-IPM)(PEFF) 
where FIPC is food ideal protein content (kg/kg), 1PM is ideal protein requirement 
for maintenance (kg/day) and PEFF is the efficiency of use of protein. PR can not 
exceed PR1 (maximum protein retention after compensation, kg/day). Lipid 
retention can also be derived as: 
LR= (Fl x MEC-(23.8-5.63)PR-H1)/39.6 
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2.93 PredIcted food intake above upper critical temperature (T> UCI') 
Upper critical temperature (UCT) is the upper temperature at which pig performance 
is affected by being less comfortable, having a reduced appetite and suffering heat 
stress. Holmes and Close (1977) defined that the upper critical temperature 
represented the highest temperature at which the pig was able to keep its body 
temperature reasonably constant; above this level both body temperature and heat 
production increased. 
Two experiments from Holmes (1973, 1974) showed that exposure of pigs weighing 
between 25 and 70 kg to ambient temperatures of 33-350C caused increases in rectal 
temperature of 1.2 to 20C and decreases in daily gain and energy retention. At 
temperature 2 1-32°C, Heitman and Hughes (1949) found that pigs weighing 35-65 kg 
had a reduction of 60 and 33 g/°C in intake and daily gain respectively; but pigs 
weighing 75-100 kg showed decreases in feed intake and daily gain of 120 and 57 g/°C 
respectively. Protein retention and lipid retention decreased with increase in ambient 
temperature (Close et aL, 1978). At temperatures above upper critical temperature, 
the pig needs to reduce heat production to balance the heat stress, and has to reduce 
its food intake. The new heat loss (H2) will be derived again from the equation 
mentioned above: 
H2 = (WO. 67)(05 + 0.032(38-1')) 
Heat loss (H) is the same as heat production (HP) at temperatures equal to or above 
lower critical temperature (LCT). Therefore the predicted food intake (Fl, kg/day), 
protein retention (PR, kg/day) and lipid retention (LR, kg/day) can be derived 
through use of the following series of equations: 
H=(FI x M1EC)-(23.8-5.63)PR-39.6LR 	 (1) 
HP = (FL)(MEC-FEEC) + (36.5-4.67)PR + 16.4LR+ EM 	 (2) 
Because food protein content is limited, so protein retention (PR, kg/day) can be 
derived from the following equation mentioned before: 




where PR can not exceed maximum protein retention after compensation (PR1, 
kg/day). 
Substitute PR from (3) into (1) 
H=(FI x MEC)-18.17(PEFF)(FI x FLPC-IPM)-39.6LR 	 (4) 
Substitute PR from (3) into (2) 
HP = (Fl)(MEC-FEEC) + 3 1.83(PEFF)(Fl x FIPC-IPM) + 16.4LR+ EM 	(5) 
From (4) and (5) 
LR=(FIx MEC-18.17(PEFF)(FIx FIPC-IIPM)-H)/39.6 	 (6) 
LR=(H-(FI)(MEC-FEEC)-31.83(PEFF)(FI x FJPC-IPM)-EM)/16.4 	(7) 
Because (6) = (7), Fl can be derived: 
FE = ((16.4 + 39.6)(H) - 39.6EM + (39.6 x 31.83 - 18.17 x 16.4) x PEFF x 1PM) / 
(16.4MEC+39.6(MEC-FEEC) + (39.6 x 31.83 - 18.17 x 16.4) x PEFFx FIPC) 
Fl can not exceed FIM (maximum food intake) and the new PR can be re-calculated 
from the new food intake. 
PR = (PEFF)(FI x FIPC-IPM) 
where PR< =PR1. If PR< =PR1 then food intake can be derived from: 
H2 = (Fl)(MEC-FEEC) + 3 1.83PR+ 16.4LR + EM 	 (8) 
LR = (Fl x FEEC-EM-50PR)/56 	 (9) 
Substitute LR from (9) into (8) 
Fl = (56(H2-31.83PR-EM) + 16.4(EM+ 50PR))/(56(MEC-FEEC) + 16.4FEEC) 
Fl can not exceed maximum food intake (FIM), new LR can thus be derived again by 
the following equation: 
LR=(FI x MEC-18.17PR-H2)/39.6 
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2.10 Case studies 
2.10.1 Introduction 
The present model differs from the work of Whittemore (1983) and Black et aL (1986). 
This model introduces nutrient density (energy, protein and ash contents of the food), 
effective temperature, heat production and bulk of the diet to predict voluntary food 
intake and uses the Gompertz growth function and compensatory growth theory to 
predict daily protein retention. The aim of this study is to investigate if this pig growth 
model version is working well by introducing some particular cases and to compare the 
predicted results with published papers. 
2.10.2 Methods 
2.10.2.1 Model input 
Initial total protein mass (kg) 
Initial protein: ash ratio 
Initial lipid : protein ratio 
Final weight (kg) 
Sex and genotype (or mature protein mass (kg), growth rate parameter per day, 
the lipid to protein ratio at maturity and the scaling of the lipid mass to protein mass) 
food nutrient contents (crude fibre (g/kg), crude protein content (g/kg), protein 
digestibility coefficient, lipid content (g/kg), lipid digestibility coefficient, ash content 
(g/kg), moisture content (g/kg), digestibility energy (MJ/kg) and protein value) 
Effective temperature 
2.10.2.2 Model output 
Days to slaughter 
Total feed used (kg) 
Daily feed intake (kg/day) 
Daily liveweight gain (kg/day) 
Feed conversion ratio 
Total carcass composition (protein mass (kg), lipid mass (kg), ash mass (kg) and 
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water mass (kg)) 
Empty body weight (kg) 
Event diaiy (liveweight, gain, feed intake, maximum feed intake, feed intake 
needed for energy and protein requirement, protein retention, maximum protein 
retention, protein mass, lipid retention, lipid mass, ash mass, water mass, heat loss, 
energy cost for cold thermogenesis, energy requirement for protein and lipid 
retention, ideal protein requirement, effective energy requirement, effective 
temperature, lower critical temperature and upper critical temperature) 
2.10.23 Set the specifications 
Study 1: 
Two types of pigs (thin and fat) in terms of the ratio of protein to ash and the ratio of 
lipid to protein, and two effective temperatures (18 and 22 0C) were used. The 
specifications of genotypes were as follows: mature protein mass (PTM) = 40 kg, 
growth rate parameter per day (B) = 0.0 14, lipid to protein ratio at maturity 
(LPRM) = 2.5 and the scaling of the lipid mass to protein mass (b) = 0.55. The 
composition of the diet was as follows: crude fibre (CF) = 40 g/kg, crude protein 
content (CP) = 200 g/kg, digestibility of the crude protein (DIG) = 0.92, crude lipid 
content (CL) = 40 g/kg, digestibility of the crude lipid (LDIG) = 0.94, ash content 
(ASH)=90 g/kg, moisture content (WATER)=71 g/kg, digestible energy content 
(DE) =15 MJ/kg and protein value (PV) = 0.8. Eight different cases (Case I to Case 
Vifi) were used to describe the initial carcass condition of the pig and effective 
temperature (T). Pigs in Case I, ifi, V and VII are thin in terms of lipid : protein 
ratio= 1.0, those in other cases are fat in terms of lipid : protein ratio=4.0. Pigs in 
Case I to Case IV show protein deficit at the start (protein: ash ratio = 4.5), but those 
in others are in normal protein condition (protein : ash ratio =5.0). All cases were 
divided into two temperature groups: 22 0C (Case I, II, V and VI) and 18 0C (Case ifi, 
IV, VII and Vifi). The initial carcass composition and effective temperature of these 
eight cases are shown in Table 2.3. 
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Table 2.3 The initial carcass composition and effective temperature in the study 1 
I II ifi IV 
Initial protein mass (kg) 1.424 0.966 1.424 0.966 
Protein : ash ratio (kg) 4.500 4.500 4.500 4.500 
Lipid : protein ratio (kg) 1.000 4.000 1.000 4.000 
Initial ash mass (kg) 0.316 0.215 0.316 0.215 
Initial lipid mass (kg) 1.424 3.864 1.424 3.864 
Initial water mass (kg) 6.361 4.486 6.361 4.486 
Effective temperature (°C) 22.000 22.000 18.000 18.000 
V VI VII Vifi 
Initial protein mass (kg) 1.429 0.968 1.429 0.968 
Protein : ash ratio (kg) 5.000 5.000 5.000 5.000 
Lipid : protein ratio (kg) 1.000 4.000 1.000 4.000 
Initial ash mass (kg) 0.286 0.194 0.286 0.194 
Initial lipid mass (kg) 1.429 3.872 1.429 3.872 
Initial water mass (kg) 6.381 4.494 6381 4.494 
Effective temperature (°C) 22.000 22.000 18.000 18.000 
Study 2: 
The second study was made to investigate protein compensation, particularly in the 
growing stage (20 to 45 kg). Two types of pigs (thin and fat), two crude protein (CP) 
contents of the food (200 and 250 g/kg) and three effective temperatures (15, 20 and 
250C) were used. In order to prevent the effect from energy density of the food, 
digestible energy content of the food used in this study was 16 MJ/kg. Other 
specifications of the diet were the same as the first study mentioned above. Table 2.4 
shows the initial carcass composition, food CP contents and effective temperature in 
Case A to L. All pigs in Case A to Case L show protein deficit at the start in terms of 
protein: ash ratio =4.5. Pigs in Case A to Case F are thin (lipid : protein ratio= 1.0) 
but those in other cases are fat (lipid : protein ratio =4.0). All cases in study 2 were 
divided into three temperature groups: 15 0C (Case A, D, G and J), 200C (Case B, E, 
H and K) and 250C (Case C, F, I and L) and two protein groups: 200 g/kg (Case A, B, 
C,G,HandI)and2SOg/kg(CaseD,E,F,J,KandL). 
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Table 2.4 The initial carcass composition, food crude protein contents and effective 
temperature in the study 2 
Thinpig 	 A 	B 	C 	D 	E 	F 
Initial protein mass (kg) 2.991 2.991 2.991 2.991 2.991 2.991 
Protein: ash ratio (kg) 4.500 4.500 4.500 4.500 4.500 4.500 
Lipid : protein ratio (kg) 1.000 1.000 1.000 1.000 1.000 1.000 
Initial ash mass (kg) 0.665 0.665 0.665 0.665 0.665 0.665 
Initial lipid mass (kg) 2.991 2.991 2.991 2.991 2.991 2.991 
Initial water mass (kg) 12.405 12.405 12.405 12.405 12.405 12.405 
Food CP contents (g/kg) 200.000 200.000 200.000 250.000 250.000 250.000 
Effective temperature (°C) 15.000 20.000 25.000 15.000 20.000 25.000 
Fatpig G H I J K L 
Initial protein mass (kg) 1.997 1.997 1.997 1.997 1.997 1.997 
Protein: ash ratio (kg) 4.500 4.500 4.500 4.500 4.500 4.500 
Lipid : protein ratio (kg) 4.000 4.000 4.000 4.000 4.000 4.000 
Initial ash mass (kg) 0.444 0.444 0.444 0.444 0.444 0.444 
Initial lipid mass (kg) 7.988 7.988 7.988 7.988 7.988 7.988 
Initial water mass (kg) 8.624 8.624 8.624 8.624 8.624 8.624 
Food CP contents (g/kg) 200.000 200.000 200.000 250.000 250.000 250.000 
Effective temperature (°C) 15.000 20.000 25.000 15.000 20.000 25.000 
2.103 Results and Discussion 
Information on the diet and environmental condition and on the pig used in the study 
was processed by the computer program created in this chapter and the efficiency and 
carcass information derived from study 1 and study 2 were generated (Table 2.5 and 
Table 2.6). 
Study 1: 
For the same type (Case I and ifi, II and IV, V and VII, VI and Vifi), pigs at the 
higher temperature (220C) show a better performance in terms of feed conversion 
ratio, total feed used, total protein mass and total lipid mass (this can also be seen 
through lipid : protein ratio in Table 2.5), but longer days to slaughter and worse daily 
gain than those at the lower temperature (18 0C). This result is consistent with the 
result from Holmes and Coey (1967) who reported that pigs weighing 18-90 kg fed ad 
libitwn at 120C ate more food than those at 220C but the higher temperature resulted 
in more efficient feed conversion and increased length of carcass. Sugahara et al. 
(1970) also found that cold-stressed growing pigs ate more than controls and gained 
more weight. 
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At the same temperature but different type (Case I and II, ifi and lv, V and VI, VII 
and Vifi), thin pigs (Case I, III, V and VII) show a better performance in daily gain 
and shorter days to slaughter than that of fat pigs. Thin pigs at 22 0C (Case I) show a 
better feed conversion ratio than that of fat pigs (Case II), but thin pigs at 180C (Case 
ifi) did not show the same result. The reason is that the thin pig must eat more food 
to keep its body warm than the fat pig at the lower temperature. From the 
information of daily protein retention and maximum protein retention, pigs at 18 0C 
(Case VII and Vifi) do not show compensatory protein response owing to the pig's 
condition at start, however, this did occur in Cases I to VI. From protein : ash ratio, 
pigs in all cases reach normal protein level (protein: ash ratio = 5.0) at the final weight. 
This is supported by some researches of Campbell and Biden (1978), Shields and 
Mahan (1980) and Wyllie and Owen (1978) who studied compensatory growth and 
found similar protein contents between restricted and unrestricted controls at 
slaughter weight. 
All cases of predicted protein retention which show compensatory response are 
described in Figure 2.5 to Figure 2.10. Figure 2.5 shows a compensatory protein 
growth in a thin pig at 220C. In this case, pigs in the early stage (10 to 20 kg) try to eat 
more food to compensate for protein deficit. Because of the heat load, the pig can not 
eat enough food to meet the normal protein growth resulting in further protein deficit. 
The compensatory effect occurs followed by normal growth. Figure 2.6 shows the 
compensatory protein growth in a fat pig at 22 0C. The compensatory growth occurs in 
the early stage to compensate for the initial protein deficit but protein deficit still 
occurs followed by the normal growth in the finishing stage. This is because the pig 
has excess lipid and needs to reduce lipid retention to reach the normal value for lipid 
to protein ratio in the empty body weight. However the pig still can not eat sufficient 
food to meet its requirement. Figure 2.7 and Figure 2.8 show the compensatory 
protein growth in a thin and a fat pig at 180C. In both cases, the compensatory 
responses only occur in the early stage. After compensation of protein deficit, because 
of the cold demand, the pig tries to eat more food to meet the normal protein growth 
and no compensation occurs. Figure 2.9 and Figure 2.10 show the compensatory 
protein growth in a thin pig and a fat pig, which had no protein deficit at the start, at 
220C. In Case V, the protein deficit occurs in the growing stage because of the heat 
load. Therefore, pigs made compensatory responses in the subsequent periods. 
Because of the condition of the pig at the start, compensatory response was not so 
significant in Case VI. An experiment from Owen et aL (1971) also indicated that 
compensatory response following a period of misfeeding occurred at most stages of 
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growth but was most obvious in the early stage. All predicted daily gain during the 
feeding period in the study 1 can be seen in Figure 2.11 and Figure 2.12. These two 
Figures show how difference in the daily gain to different pig type and temperature 
and the effect of compensation on the daily gain in the growing pig weighing between 
10 and 130 kg. 
Table 2.5 The efficiency and carcass report of the eight cases on the study 1 
II 	 II 
Pig start weight (kg) 10.002 10.007 10.002 10.007 
Pig final weight (kg) 130.580 130.75 1 130.597 130.521 
Days to slaughter 131 132 117 123 
Total feed used (kg) 212.511 219.671 238.511 235.687 
Feed intake (kg/thy) 1.622 1.664 2.039 1.916 
Daily liveweight gain (kg) 0.920 0.915 1.031 0.980 
Feed conversion ratio 1.762 1.819 1.978 1.956 
Total protein mass (kg) 23.798 22.511 21.259 20.834 
Total lipid mass (kg) 15.592 21.214 26.399 28.142 
Total ash mass (kg) 4.760 4.502 4.252 4.167 
Total water mass (kg) 80.212 76.298 72.468 71.163 
Empty body weight (kg) 124.361 124.525 124.378 124.306 
Protein : ash ratio 5.00 5.00 5.00 5.00 
Lipid : protein ratio 0.66 0.94 1.24 1.35 
'iii' 
Pig start weight (kg) 10.001 10.004 10.001 10.004 
Pig final weight (kg) 130.320 130.481 130.240. 130.342 
Days to slaughter 132 134 119 125 
Total feed used (kg) 215.085 219.093 237.718 235.691 
Feed intake (kg/day) 1.629 1.635 1.998 1.886 
Daily liveweight gain (kg) 0.912 0.899 1.010 0.963 
Feed conversion ratio 1.788 1.819 1.977 1.959 
Total protein mass (kg) 23.579 22.502 21.211 20.825 
Total lipid mass (kg) 16.270 20.993 26.262 28.011 
Total ash mass (kg) 4.716 4.500 4.242 4.165 
Total water mass (kg) 79.549 76.271 72.322 71.135 
Empty body weight (kg) 124.115 124.267 124.038 124.135 
Protein: ash ratio 5.00 5.00 5.00 5.00 
Lipid : protein ratio 0.69 0.93 1.24 1.35 
Remark: Protein deficit at the start: Case I, II, ifi and IV 
No protein deficit at the start: Case V, VI, VII and Vifi 
Thin pig groups: Case I, ifi, V and VII 
Fat pig groups: Case II, IV, VI and Vifi 
220C groups: Case I, II, V and VI 
180C groups: Case ifi, IV, VII and Vifi 
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Figure 2.5 PredIcted protein retention 
in Case I (Thin pig, T-22 °C) 
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Figure 2.6 Predicted protein retention 
In Case ii (Fat pig, T22 °C) 
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Figure 2.7 Predicted protein retention 
In Case III (Thin pig, T-18 °C) 
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Figure 2.8 Predicted protein retention 
in Case IV (Fat pig, T-18 °C) 
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 L maximum PR 
0 	
I 	 I 
0 20 	40 	60 	80 	100 120 140 
Live weight (kg) 
Figure 2.10 Predicted protein retention 








I (Thin. 22 9C) 
0.4 	
Ii (Fat. 22t) 
iii (Thin. 18) 
-• 	IV (Fat. 18 9W 
0.2 	 I 	
I 	 I 	 I 
0 20 	40 	60 	80 	100 120 	140 
Feeding period (days) 
Figure 2.11 Predicted gain in the 
study 1 (a protein deficit at start) 
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Study 2: 
For the thin pig groups (A, B, C, D, E and F), pigs at the lower temperature (15 0C) 
and eating a diet with 200 g CP/kg or 250 g CP/kg (Case A and D) show a better daily 
gain and shorter days to slaughter, but pigs at 20 0C and eating a diet with 250 g CP/kg 
(Case E) show a better feed conversion ratio than those from other groups. For the 
thin pig groups (Case G, H, I, J, K and L), pigs at 20 0C and a diet with 200 g CP/kg 
(Case H) show a better daily gain, but pigs at 25 0C and a diet with 250 g CP/kg (Case 
L) show a better feed conversion ratio than those from other groups. From the values 
of the protein: ash ratio, we can see that total protein mass in Case A, D, G, H, J and 
K reaches normal condition (protein: ash ratio = 5.0) after compensation. From the 
values of the lipid : protein ratio, all pigs in the fat group (Case G to L) are leaner 
than those at the start, and pigs eating a 200 g CP diet are fatter than those eating a 
250 g CP diet. This result is similar to the result of Wylie and Owen (1978) who 
reported that pigs weighing between 7 and 27 kg on the lower protein diet (140 g/kg) 
were fatter and contained less lean tissue. Between 27 and 54 kg liveweight pigs 
previously on the higher protein (280 g/kg) diet deposited a much greater amount of 
fat than pigs on the lower protein diet, so that by 54 kg pigs initially on the lower 
protein contained less fat. 
Figure 2.13-2.18 show the compensatory protein responses in a thin pig eating a diet 
with 200 and 250 g CP/kg and at 15, 20 and 250C. Figure 2.13 and Figure 2.16 show 
that thin pigs at the lower temperature (150C) (Case A and D) can eat enough food to 
compensate for a protein deficit in the early stage. Although the pig at 20 0C eating a 
diet with 200 g or 250 g CP/kg (Figure 2.14 and Figure 2.17) did compensate during 
the growing period, the protein: ash ratio still do not reach the normal level. Because 
of the heat stress, thin pigs at 25 0C can not eat enough food to reach potential protein 
retention (Figure 2.15 and Figure 2.18) and take a longer time to reach the same 
weight (45 kg) (see Case C and F in the Table 2.6). 
The compensatory protein response in a fat pig at 200 and 250 g CP/kg and 15, 20, 
250C are shown in Figure 2.19-2.24. Figure 2.19-2.20 and Figure 2.22-2.23 show the 
fat pig at 15 and 20 0C (Case G, H, J and K) is able to compensate for its protein 
deficit in the early stage, before 27 kg. Figure 2.21 and Figure 2.24 (Case I and L) 
show a protein deficit occurs in the early stage followed by a compensatory response. 
The reason for this is that the pig has excess lipid and reduces lipid retention in the 
early stage even in the heat stress. After compensation is complete, the pig can not eat 
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sufficient food to meet maximum protein growth and protein deficit occurs again even 
in the higher protein food. Sugahara et al. (1970) kept young pigs (10-35 kg) in 
environments of 7, 23 or 330C with relative humidity maintained at 0.5 and found that 
the voluntary intakes were 1.61, 1.33 and 0.99 kg/day, with average daily gains of 0.64, 
0.61 and 0.40 kg. This result is similar to the trend from the study here. Kyriazakis et 
aL (1991) reported that if pigs are given a sufficiently high protein feed following a 
period of low protein feed, the protein : ash ratio and lipid : ash ratio returned to 
normal level Figure 2.25 and Figure 2.26 show the predicted daily gain following a 
protein deficit during the early growing stage (20-45 kg). From Figure 2.13 to 2.26, we 
can see thin pigs at the higher temperatures (20, 250C) (Case E and F) can not 
compensate for a protein deficit due to the heat load. Kyriazakis et aL (1991) 
indicated that if the maximum rate at which a protein deficit can be corrected needs to 
be observed, the pig needs to be kept in a cool environment and be given a highly 
digestible dense feed of high enough protein content. In a warmer environment the 
time to reduce the deficit will be increased and the rate of lipid retention decreased. 
2.11 Summary 
A factorial computer model was constructed to simulate the growth of pigs from 
weaning to slaughter. The concepts of compensatory growth theory, heat production 
and the Gompert.z growth function were used in the model. A new concept, which 
differs from the current models, is to use the Gompertz function and ash contents of 
the food to predict daily ash retention, then use the compensation theory to predict 
daily protein retention and water retention. From information on the initial protein 
mass, the ratio of protein to ash, the ratio of lipid to protein, sex, genotype, food 
details and temperature, the model can be used to predict days to slaughter, daily feed 
intake, total feed used, daily gain, feed conversion ratio, total carcass composition, 
empty body weight, daily deposition (protein, lipid, ash and water) and daily carcass 
composition. 
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Table 2.6 The efficiency and carcass report of the twelve cases on the study 2 
Thinpig A B C D E F 
Pig start weight (kg) 20.004 20.004 20.004 20.004 20.004 20.004 
Pig final weight (kg) 45.388 45.858 45.759 45.230 45.747 45.617 
Days to slaughter 27 30 37 27 30 37 
Total feed used (kg) 36.838 37.544 38.031 37.772 35.6 17 36.007 
Feed intake (kg/day) 1.364 1.251 1.028 1.399 1.187 0.973 
Daily weight gain (kg) 0.940 0.862 0.696 0.934 0.858 0.692 
Feed conversion ratio 1.451 1.452 1.477 1.497 1.384 1.406 
Total protein mass (kg) 7.237 7.311 7.283 7.237 7.527. 7.501 
Total lipid mass (kg) 7.064 7.083 6.857 6.914 6.024 5.760 
Total ash mass (kg) 1.447 1.552 1.808 1.447 1.552 1.808 
Total water mass (kg) 27.478 27.729 27.632 27.478 28.465 28.376 
Empty body weight (kg) 43.227 43.674 43.580 43.076 43.569 43.444 
Protein ash ratio 5.00 4.71 4.03 5.00 4.85 4.15 
Lipid protein ratio 0.98 0.97 0.94 0.96 0.80 0.77 
Fatpig G H I J K L 
Pig start weight (kg) 20.005 20.005 20.005 20.005 20.005 20.005 
Pig final weight (kg) 45.694 45.848 45.205 45.077 45.386 45.090 
Days to slaughter 33 32 33 34 33 33 
Total feed used (kg) 38.059 36.626 35.640 35.801 34.490 33.807 
Feed intake (kg/day) 1.153 1.145 1.080 1.053 1.045 1.024 
Daily weight gain (kg) 0.778 0.808 0.764 0.737 0.769 0.760 
Feed conversion ratio 1.482 1.417 1.414 1.428 1.359 1.348 
Total protein mass (kg) 6.419 6.256 6.130 6.583 6.419 6.330 
Total lipid mass (kg) 11.152 12.057 11.977 9.799 10.859 10.973 
Total ash mass (kg) 1.284 1.251 1.284 1.317 1.284 1.284 
Total water mass (kg) 24.663 24.101 23.662 25.231 24.663 24.356 
Empty body weight (kg) 43.518 43.665 43.053 42.930 43.225 42.943 
Protein ash ratio 5.00 5.00 4.77 5.00 5.00 4.93 
Lipid protein ratio 1.74 1.93 1.95 1.49 1.69 1.73 
Remark: Thin pig groups: Case A to F 
Fat pig groups: Case G to L 
200 g CP groups: Case A, B, C, G, H and I 
250 g CP groups: Case D, E, F, J, K and L 
150C groups: Case A, D, G and J 
200C groups: Case B, E, H and K 
250C groups: Case C, F, I and L 
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Figure 2.13 Predicted protein retention 
in Case A (Thin pig, CP-200g/kg, 1-15° C) 
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Figure 2.14 Predicted protein retention 
in Case B (Thin pig, CP-200g/kg, T-20 °C) 
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Figure 2.15 Predicted protein retention 
in Case C (Thin pig, CP-200g/kg, T-25° C) 
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Figure 2.16 Predicted protein retention 
in Case D (Thin pig, CP-250g/kg, T-15 °C) 
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Figure 2.17 Predicted protein retention 
in Case E (Thin pig, CP-250g/kg, T20 0C) 
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Figure 2.18 Predicted protein retention 
in Case F (Thin pig, CP250g/kg, T-25 °C) 
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Figure 2.19 PredIcted protein retention 
in Case 0 (Fat pig, CP-200g/kg, T15 °C) 
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Figure 2.20 Predicted protein retention 
In Case H (Fat pig, CP-200g/kg, T-20 °C) 
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Figure 2.21 Predicted protein retention 
in Case I (Fat pig, CP.200g/kg, T-25 °C) 
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Figure 2.22 Predicted protein retention 
in Case J (Fat pig, CP250g/kg, T15 °C) 
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Figure 2.23 Predicted protein retention 
in Case K (Fat pig, CP250g/kg, T20°C) 
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Figure 2.24 Predicted protein retention 
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Figure 2.26 Predicted daily gain in the study 2 (Case G-L,Fat pig, 20-45 kg) 
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Chapter 3 Create a Version 2 of the Edinburgh Model Pig 
3.1 Introduction 
The primary objective of pig production is to achieve profit. Profitability does not only 
depend on the amount and composition of feed eaten, but also on the feeding regimes, 
overheads and throughput, strain and sex of pig, the environmental conditions of 
housing, slaughter weight and carcass grading system. This relationship can be 
described as Figure 3.1. Although complex, it is open to rationalisation and therefore 
decision-making to maximise profit can be readily helped by an effective model to 
simulate the bio-economic aspects of pig production. A computer program that 
simulated animal performance has been proposed as the best way of transferring 
current information to the animal industry. Whittemore (1980a) pointed out that a 
computerized model for the determination of nutrient requirements of the pig may 
serve many purposes: the development of ideas, interpretation of real life, prediction 
of response, transfer of information, scrutinization of existing knowledge, and the 
collection of information from disparate experimental programs. Ferguson (1988) 
concluded that the purposes of computer growth model could be information transfer, 
to identify research needs, simulation of real life and economic decision-making. A 
growth model alone is however not adequate as a management aid; the modelling 
function must be extended by integration with commercialized packages such as 
recording system and linear programming for diet formulation. But first, however, the 
basic knowledge of the growth processes must be realised in terms that relate to the 
production process and its economic efficiency, for example, in terms of carcass quality 
profile, feed conversion efficiency, and carcass yield. 
Some aspects of a dynamic production function to describe the economic responses of 
growing pigs to feed inputs were examined by Fawcett (1973) at Edinburgh. 
Whittemore and Fawcett (1974, 1975) proposed a simple model which enabled the 
prediction of the magnitude and direction of the responses of growing pigs to different 
energy and protein intakes. The model calculated daily liveweight gain from the 
conversion of the dietary supply of crude protein and energy into protein, lipid and ash 
in the body of the growing pig. Whittemore and Fawcett (1976) described a more 
refined model to simulate growth in pigs. Fawcett et aL (1978a) presented a model of 
the protein and lipid metabolism of growing pigs in recursive linear programming 
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Figure 3.1 Factors affecting the profitability of a pig enterprise 
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form. They mapped iso-quants and iso-composition functions onto a diet space 
revealing the extent to which body composition of pigs of particular potential can be 
manipulated through nutritional space. Fawcett et aL (1978b) explored practical 
aspects concerning the linear programming specification of protein to a desired 
biological value. From then on, the Edinburgh Model Pig computer program was 
developed. The original version of the Edinburgh Model Pig was produced for the 
EMAS Mainframe computer. Further development created a PASCAL version 
written for use on microcomputers under the UCSD operating system; the Edinburgh 
Model Pig Vi. This model pig is used by feed firms, breeding companies, the advisory 
services and large agri-business; all with the objective of improving the profits and 
efficiency of producing meat from the growing/finishing unit (Whittemore, 1980c, 
1981). This version was developed for the grow-out stage of pig production (20 to 120 
kg) and had been validated by comparison with the results from controlled feeding 
trials (Whittemore, 1976a). 
In subsequent years there have been developments in the field of pig nutrition which 
have relevance to the simulation of pig growth and these have been summarised by 
Whittemore (1983; 1987). As detailed in Chapter 2, the Gompertz equation has been 
used to express the change in weight of the pig and its body components in relation to 
time and to predict weight at maturity (Emmans, 1981; Emmans and Oldham, 1988; 
Whittemore, Tuffis and Emmans, 1988; Whittemore, 1989; Whittemore and Morgan, 
1990), and should now replace the concept in the earlier Edinburgh Model Pig which 
employed the linear/plateau paradigm as the description for protein growth. Because 
some experimental results obtained by Whittemore's group in Edinburgh (Tullis, 1982; 
Tullis et aL, 1986; Kyriazakis et aL, 1990; Kyriazakis and Emmans, 1991; Kyriazakis et 
aL, 1991; Stamataris et aL, 1991) showed compensatory effects to food or nutrient 
restriction during the growing period in swine, the compensatory growth concept 
should also now be introduced into the model. Version 2 has been further extended to 
include the important weaning period (5 to 20 kg) by improving the prediction of 
voluntary food intake and the effect of temperature, diet bulk, and stocking density on 
voluntary food intake. Heat production has also been considered as a determinant of 
voluntary food intake, and therefore supplement the early version of the Edinburgh 
Model Pig which used a single house effective temperature. The grading system used 
in the Edinburgh Model Pig Vi is dependent upon an assumçd variance in P2. This is 
unnecessary inadequate as descriptor and lastly, the new model extends the grading 
system to a real population by using a computer program which records carcass data 
and P2 from an individual pig unit. 
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Described in this chapter are the concepts used to develop the Edinburgh Model Pig 
V2 computer program. The following notation will be used along with the equations: 
hard data and statements with adequate proof (h); firm data and statements with only 
some degree of proof (s); estimates and conjecture (e). 
3.2 Scope of simulation of the model pig V2 
The model pig predicts, on a daily basis, overall supply of food; the dietaiy supply of 
energy, protein and ash; energy, protein and ash use in the body; the proportion of fat 
in live gain, and the physiological components of liveweight. The model can be used 
either to predict voluntary food intake from the animal's potential to utilise nutrients, 
or to evaluate an animal's performance when eating a specffied quantity of feed. The 
model can also be used to predict performance with feeds of different quality, and to 
assess backfat depth (P2) for entire male, female, castrate, or for mixed groups. Since 
some pig breeds are differently shaped from others, pig strains ranging from Belgian 
Landrace type through to Large White type can be represented. The degree of 
blockiness is used to adjust backfat thickness, killing-out percentage, lean percentage 
and carcass dissected bone according to the different shape of the pig. 
The model predicts the response of pigs to the environmental conditions of the 
housing and to stocking density. In relation to temperature, floor type in lying area, 
rate of air movement and degree of insulation, it calculates heat production, the 
effective environmental temperature and energy cost of cold thermogenesis for each 
degree of cold. The model is determined either by time (days from start) or by weight. 
Pigs are valued at a flat rate per kg of dead weight, or at a flat rate per kg of lean yield, 
or according to P2 backfat. The model also predicts the proportion of pigs at any 
specific liveweight that falls into each carcass grade from the variation of P2. The 
actual variance in P2 can be calculated by the model according to the carcass data and 
P2 from an individual pig unit. 
The model is able to indicate some limiting factors in terms of diet (protein, energy or 
ash content), environmental temperature (cold or hot), the situation of feed intake 
(bulk, allowance or refusal) and compensation of protein growth with a bar chart and a 
reference table. The event diary can be used to note, on a daily basis, the position 
regarding to liveweight, feed intake, maximum feed intake, protein retention, 
maximum protein retention, lipid retention, ash retention, maximum ash retention, 
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effective temperature, comfortable zone (low and high), all from start through to 
slaughter weight. 
Using a graphic function, three comparative lines can be plotted of daily protein 
retention, body total protein mass, daily lipid retention, body total lipid mass, daily ash 
retention, body total ash mass, food intake and body gain versus time (day) or 
liveweight (kg) and a bar chart can be displayed of the percent pigs in each grade 
according to P2. The model also links with two commercial packages, Lotus 1-2-3 and 
Harvard Graphics, to display the graphics on the screen or by print out with a printer 
or a plotter. 
The Edinburgh Model Pig V2 is written in BASIC under MS-DOS. This version is 
designed to run on an IBM PC XT, AT, P5/2 or a compatible machine with at least 
512K memory, with or without a hard disk, a 5.25" or 3.5" floppy driver, a colour or 
mono monitor. If a colour monitor is used, the display is in colour. 
3.3 The model 
A list of the abbreviations used for each equation is given in Table 3.1. The concepts 
used to develop the Edinburgh Model Pig V2 computer program are described in the 
following sections. 
Table 3.1 Key to notation used in equations 
Symbol 	Meaning represented 
AT 	The daily rate of ash retention (kg/day) 
ARM Maximum ash retention (kg/day) 
ASH 	Food ash content (kg/kg) 
AT The total mass of ash (kg) 
B 	Growth rate parameter 
b The scaling of the lipid mass to protein mass during potential growth 
BD 	The amounts of carcass dissected bone (kg) 
BL Blockiness adjustment factor in calculating lean 
BLOCK Blockiness coefficient 
CF 	Crude fibre contents of the food (kg/kg) 
CL Crude lipid contents of the food (kg/kg) 
CP 	Crude protein contents of the food (kg/kg) 
DCL Digestible crude lipid contents of the food (kg/kg) 
DCP 	Digestible crude protein contents of the food (kg/kg) 
DE Digestible energy contents of the food (MJ/kg) 
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DFIA 	Food intake needed to meet the ash requirement (kg/day) 
DFIE Food intake needed to meet the energy requirement (kg/day) 
DF1P 	Food intake needed to meet the protein requirement (kg/day) 
DIG Protein digestil,ility coefficient 
DISFAT Carcass total dissected fat (kg) 
EERQ 	Effective energy requirement (MJ/day) 
EH1 The energy cost of cold thermogenesis (MJ/day) 
ELR 	The energy requirement for lipid retention (MJ/day) 
EM The energy requirement for maintenance (MJ/day) 
EPF 	Protein-free digestible energy (MJ/day) 
EPR The energy requirement for protein retention (MJ/day) 
FAC 	Proportion of fat in weaner 
FD The amounts of carcass dissected lipid (kg) 
Fl 	Food intake (kg/day) 
FIAC Ideal ash contents of the food (kg/kg) 
FlEX 	Extra food intake 
VIM Maximum food intake (kg/day) 
FIPC 	Ideal protein contents of the food (kg/kg) 
FOMC Faecal organic matter contents (kg/kg) 
GAIN 	Body weight gain (kg/day) 
GUT Gut weight (kg) 
H 	Heat loss (MJ/day) 
Hi The heat loss at the lower critical temperature (MJ/day) 
H2 	The heat loss at the upper critical temperature (MJ/day) 
HEAD 	The head weight of carcass (kg) 
HEXTRA Extra heat needed (MJ/day) 
HP 	Heat production (MJ/day) 
HW1 The scaling of the heat loss 
lAM 	Ideal ash requirement for maintenance (kg/day) 
IARQ Ideal ash requirement (kg/day) 
IPRQ 	Ideal protein requirement (kg/day) 
IPPR Ideal protein requirements for protein retention (kg/day) 
1PM 	Ideal protein requirements for maintenance (kg/day) 
IPT Total utilisable ideal protein (kg/day) 
KO 	Killing-out percentage (%) 
LCT Lower critical temperature 
LDIG 	Digestibility of the crude lipid of the food 
LEAN Carcass lean (g/kg) 
LPR 	The ratio of lipid to protein 
LPRM Values for the desired ratio of lipid mass to protein mass 
LR 	The daily rate of lipid deposition (kg) 
LREX Extra lipid retention (kg/day) 
LT 	The total lipid mass (kg) 
LTC The desired lipid mass (kg) 
MEC 	Metabolisable energy contents of the food (MJ/kg) 
MET Effective metabolised energy (MJ/day) 
OIL 	Oil content (g/kg) 
OMC Organic matter contents of the food (kg/kg) 
P2 	The fat depth (mm) at 65mm from the mid-line at last rib 
PAR The ratio of protein to ash 
PEFF 	The efficiency of use of ideal digested protein 
PM Protein deaminated (kg/day) 
PR 	The daily rate of protein retention (kg/day) 
PRi Maximum protein retention after compensation (kg/day) 
PRM 	Maximum protein retention (kg/day) 
62 
PT The total protein mass (kg) 
PTC The desired protein mass (kg) 
PTM The mature total protein mass (kg) 
PV Protein value 
PX The total mass of protein turned over in one day (kg/day) 
QD The energy yield from protein deamination (MJ/day) 
SM Space allowance (m2/pig) 
STQC Stocking coefficient 
SUBFAT Carcass subcutaneous fat (g/kg) 
T Effective environmental temperature 
TC Critical temperature 
TH House temperature 
UCT Upper critical temperature 
yE Score for rate of air movement and degree of insulation 
VL Score for floor type in lying area 
W Liveweight (kg) 
WATER Moisture contents of the food (kg/kg) 
WE The whole body, empty of gut contents (kg) 
YT Total body water (kg) 
33.1 Food supply 
There are six options to determine the feed intake in the model. They are: (i) 
practical ad libitum, (ii) maximum ad libitum, (iii) uniform increment weekly, (iv) 
varying weekly rations, (v) uniform increments at each 5 kg pig growth, (vi) varying 
rations at each 5 kg pig growth. 
Voluntary feed intake is expressed in terms of digestible energy (DE) because this is 
the energy introduced into the biological system and because this minimises the effects 
of energy density on feed intake (NRC, 1987). 
Practical ad libitum is calculated according to a proportion of the metabolic weight 
(W0•75). it is generally recognized (Whittemore, 1987) that the upper limit to feed 
intake (FEED) approaches: 
FEED(kg)=O14''°75 	 (h) (1) 
but this clearly can be highly affected by palatability and bulk density. Pigs allowed 
free access to feed under commercial conditions may be expected to consume daily 
0.12W° 75 when management is good, but only 0.10W° 75 when poor (Whittemore, 
1987). It is also possthle to ration pigs offered food from ad libitum troughs by 
severely restricting the rate of flow. 
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Maximum ad libitwn sets the upper limit for feed intake of growing pigs under 
optimum conditions. The composition and availability of nutrients in the diet are 
major factors influencing voluntary feed intake. While the concentration of protein, 
the balance of amino acids and deficiency or excess of minerals or vitamins can all 
affect intake, the major parameter of a food which determines the amount eaten is the 
concentration of available energy. Forbes (1986) concluded that when the 
concentration of digestible energy in the diet changes, pigs vary the level of voluntary 
intake in the appropriate direction to maintain digestible energy intake, but that 
compensation is not complete. Black et aL (1986) indicated that pigs weighing less 
than 20 kg appear unable to increase intake to compensate for a decline in energy 
concentration in the diet, whereas those weighing up to 50 kg appear unable to 
compensate once the digestible energy content of the diet falls below 14 MJ/kg. ARC 
(1981) set up the upper limit of the intake of digestible energy of growing pigs under 
optimum conditions is: 
DEmjmum(J)=55(100204') 	 (h) (2) 
where DE is intake of digestible energy (MJ/day), W is liveweight (kg). However 
equation (2) does not apply to pigs weighing less than 20 kg. NRC (1987) described a 
relationship to predict daily digestible energy intake of pigs weighing from 5 to 20 kg: 
DE(Mj/day)= 1.9331W-0.0407W 2-6.3975 	 (Ii) (3) 
and suggested this equation was useful only at less than about 20 kg liveweight. NRC 
(1987) also gave a nonlinear regression to describe the digestible energy intake of pigs 
from 4.5 to 117 kg: 
DE(MJ/day) = 55.07(1 e OMt7ó'\') 	 (h) (4) 
Cole et aL (1968) reported that voluntary feed intake is influenced by the nutrient 
density of the diet and the level of energy requirement of the pig. A diet of low 
nutrient density may impose a physical limitation to further intake before the animal 
meets this requirement. NRC (1987) indicated that with diet energy densities of less 
than 13.8 MJ/kg, the young pig of from 5 to 30 kg is unable to maintain daily DE 
intake, and daily DE intake decreases 1.388 MJ/day as energy density decreases 1 
MJ/kg. The young pig overconsumes energy when diets containing more than 15.06 
MJ/kg, and DE intake increases at a rate of 0.183 MJ/day for an increase in energy 
density of 1 MJ/kg. Pigs with average weights greater than 30 kg are also unable to 
maintain daily DE intake when energy density is less than 13.8 MJ/kg. DE intake 
decreases 2.773 MJ/day for a decrease in energy density of 1 MJ/day. With diets 
containing 13.8 MJ/kg and above, daily DE intake is relatively constant. 
Whittemore (1987) expressed the maximum feed intake as: 
FEEDmaximum(kg) = 0.045W+ 0.4 	 (h) (5) 
with an upper limit of 4 kg reached when W = 80. Unfortunately, equation (5) does not 
differentiate between the sexes. 
Cole and Chadd (1989) concluded that major factors influencing the needs of the 
animal are liveweight, genotype and sex. Cole et aL (1968) found that barrows 
consumed more digestible energy per day than guts, required more feed and digestible 
energy per unit liveweight gain. Cop and Buiting (1977) concluded that differences in 
feed intake might be the main causal factor for the existence of differences between 
biological types of pigs. In the experiment of Jensen et aL (1973), barrows consumed 
more food and gained significantly faster than gilts. Houseman (1973) reported that 
castrated males had a 0.07 to 0.16 proportionately greater intake than entire boars 
with conventional diets. Fowler et aL (1981) indicated that the daily intake of DE by 
castrates was 1.13 times that of boars and 1.11 times that of gilts. Whittemore, Tullis 
and Emmans (1988) used unimproved Large White X Landrace pigs to estimate daily 
intake of fresh food between 5 and 85 kg liveweight and found that voluntary intake 
changed linearly with age and liveweight. 
Entire males 	FEED(kg) = 0.347+ 0.046W 	(Ii) (6) 
Females 	 FEED(kg)=O.4ll+O.O43W 	(h) (7) 
Castrated males 	FEED(kg)=O.4l6 +O.O48W (Ii) (8) 
with a maximum feed intake when W = 85 if prediction is to be extended above 85 kg 
liveweight. However, it seems to be unreasonable that feed intake reaches constant in 
pigs above 85 kg. 
The data from Bark et aL (1989) indicated that energy or feed intake of the pig was 
dependent upon their genetic capacity for lean tissue growth. In pigs of high lean 
tissue genotype, maximum voluntary energy intake in relationship to maintenance was 
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achieved at a heavier weight compared with pigs of medium lean tissue genotype. Pigs 
of high lean tissue genotype had lower energy intakes during the growing phase. 
However, both genotypes had similar energy intake in the finishing phase. Barker et 
aL (1989) described that DE intake (kcal/day) was an asymptotic function of body 
weight with a linear function of lean growth rate. 
DE(kJ/day) = 12189(1e 0164 ')3201(LG) + 15.5(LG)(W) (h) (9) 
Where W is body weight (ib) and LG is lean growth capacity of the pig (lb/day). 
Cole and Chadd (1989) concluded that the amount of food eaten by the pig is a 
balance between the needs of the animal and the ability of the food to meet those 
demands. The concept of predicted voluntary food intake described in Chapter 2 is to 
use the Gompertz equation and ash contents of the food to predict daily ash retention 
and then to use compensation theory to predict daily protein retention and water 
retention. The predicted food intake can thus be derived from food intake needed to 
meet energy, protein and ash requirement (DFIE, DFIP, DFIA; kg/day). 
DFIE = EERQ/FEEC 
	
(h) (10) 
DFIP = IPRQ/FIPC (h) (11) 
DFIA = IARQ/FIAC 
	
(s) (12) 
Where FEEC, FIPC and FIAC are effective energy content, ideal protein content and 
ideal ash content of the food respectively (will be dealt with later). EERO is effective 
energy requirement (MJ/day), [PRO is ideal protein requirement (kg/day) and IARQ 




IPRQ=IPM+(PR1/PEFF) (s) (14) 
IARQ = lAM + (ARM/0.8) 
	
(s) (15) 
Where EM, EPR and ELR are energy requirements for maintenance, protein 
retention and lipid retention (MJ/day) respectively; 1PM is ideal protein requirements 
for mainteneance, PR1 is maximum protein retention after compensation (kg/day), 
PEFF is efficiency of use of ideal digested protein, 1AM is ideal ash requirements for 
maintenance (kg/day) and ARM is maximum ash retention (kg/day). 
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This concept is more factorial than that used in the old version (Whittemore, 1983) 
and is now introduced into the Edinburgh Model Pig V2. The actual food intake is 
then adjusted by the condition of the environment in which the pig is kept, the stocking 
density and the bulk of the food. 
The condition of the climatic environment has a considerable effect on voluntary food 
intake. This had been reported by Sugahara et aL (1970), Mount (1975), Close and 
Mount (1978), Nichols et aL (1980), Whittemore (1983, 1987), Black et aL (1986), 
Brent (1986), Forbes (1986), Smith et aL (1988) and Close (1989). The concept of the 
use of heat loss to calculate the lower (LCT) and upper critical temperature (UCT) 
which was described in the Chapter 2 has been used in this model. 
When the environmental temperature is higher than the upper critical temperature of 
the pig, heat dissipation is more effectively accomplished when the number of pigs per 
pen is smaller and floor space per pig is larger (Gehibach et al., 1966). However, when 
environmental temperature is lower than the lower critical temperature of the pig, 
reduced floor space per pig and increased number of pigs per pen can be an 
advantage. Jensen et aL (1973) divided floor space allowances per pig for weight 
periods 24 to 50 kg, 50 to 68 kg and 68 to 100 kg into three sequences: (1) 0.27, 0.36 
and 0.45 m2, (2) 0.36, 0.54 and 0.74 m2 and (3) 0.54, 0.72 and 0.90 m2. They reported 
that voluntary food intake and rate of gain were lower in sequence (1) than in (2) and 
(3), but the latter two did not differ significantly. The experiments of Baxter and 
Petherick (1983), Kornegay and Notter (1984), and Edwards et aL (1988) showed a 
clear and positive relationship between space allowance in the fattening pen and pig 
growth rate. Space allowance (A, m2) may be satisfactorily expressed as a function of 
Weight067: A=kW° 67; if k=0.018 there is only sufficient space for the pig to lie in a 
normal recumbent position (Edwards et aL, 1988). Minimum space allowances for pigs 
housed on fully slatted floors usually approximate to the lying space plus 25%. A value 
for the constant (k) of 0.025 was suggested by Boon (1981) to give the maximum area 
of floor converted by a lying pig, assuming a cylindrical shape with a length to breadth 
ratio of 3.5. A minimum space allowance (m2) defined by the equation 0.030W°67 in 
conimercial practice for pigs in fully slatted housing was recommended by Edwards et 
aL (1988). Lindvall (1981) reported a 9% reduction in feed intake when space 
allowances of weanling pigs were reduced from 0.25 to 0.17 m2/pig and a further 
reduction of 10% if the space allowance was reduced from 0.17 to 0.13 m 2/pig. NRC 
(1987) introduced a review from Kornegay and Notter (1984) to predict feed intake 
and express feed intake as a percentage of the maximum intake: 
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Weanling (8 -21 kg): Percent change= 72.27 + 132.40S-159.54S 2 (h)  
Growing (27-54 kg): Percent change = 77.25 + 42.93S-20.25S 2  (h)  
Finishing (44 -92 kg): Percent change=61.65+70.05S-32.00S 2 (Ii)  
where percent change is the deviation from optimal feed intake, and S is the space 
allowance in m2. The space allowances for optimal feed intake were 0.4 m 2 for 
weanling, 1.06 m2 for growing, and 1.09 m2 for finishing pigs. These three equations 
only apply over a particular range, since the percent change is still up to 6 1.65-72.27% 
even when no space allowance existed. Kornegay and Notter (1984) also summarised 
that with weanling pigs in a range of 3 to 15 pigs per pen, feed intake decreased 0.92% 
per additional pig in the pen. With growing pigs in a range of 5 to 32 pigs per pen, 
feed intake decreased 0.25% per additional pig in the pen. With finishing pigs in a 
range of 4 to 30 pigs per pen, feed intake increased 0.32% per additional pig in the 
pen. 
The model suggests here is to use the equation: space allowance(m 2) = kW067 
recommended by Edwards et aL (1988) and use the space allowances for optimal feed 
intake recommended by NRC (1987) to derive a stocking coefficient (STOC), k value, 
which is about 0.05. At a value of STOC above or equal to 0.05, food intake is not 
influenced by the stocking density. 
STOC = SM/WO.67 
	
(ii) (19) 
where SM is space allowance (m 2) per pig, W is liveweight (kg). if STOC is less than 
0.05, the following equation is suggested to adjust the effect of stocking density. 
Fl = Fl x (1 + 0.33 x log(STOC/0.05)) 	 (s) (20) 
Because the capacity of the alimentary tract of the pig is limited, it is not equipped to 
utilise large amounts of bulky feeds. Braude (1967) concluded that both energy 
density and bulldness of the diet can affect the feed intake. Procter and Wright (1927) 
soaked feeds in water at body temperature (38 0C) and found variations in swelling 
ranging from approximately 10% to 260%. In the case of pigs of 40 to 80 lb liveweight, 
the bulk occupied by the food affected the quantity of food taken. There is no 
recognised measure of the bulk of the food at present. Emmans (unpublished data) 
suggested that the capacity for food bulk could be evaluated from FOMC (faecal 
organic matter content, kg/kg) and total protein mass (PT, kg/day): 
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FIM=0.075PT/FOMC 	 (e) (21) 
where FIM is maximum food intake (kg/day). FOMC is derived from food organic 
matter content (kg/kg) and subtracting digested crude protein content (DCP, kg/kg), 
digested crude lipid content (DCL, kg/kg) and digested carbohydrate of the food 
(DCHO, kg/kg). This will be discussed further below. 
In the model, if feeding regime is not maximum ad libitum, then food given is 
compared with food intake to meet nutrient requirements of the pig. Actual food 
intake can not exceed the food intake from maximum ad libitum. All feeding systems 
are associated with some degree of feed wastage, and this represents a difference 
between nutrients offered and nutrient ingested. In a wet feeding system wastage is 
often about 2.5%, while in some drying feeding systems it can readily rise to above 5% 
(Whittemore, 1987). 
3.3.2 Nutrient supply from the diet 
The digestible energy (DE) of a mixed compound can be reliably estimated by 
summation of the DE contributions of its ingredients. However, the formulation of a 
commercial compounded diet can not be accessed and a method of predicting DE is 
required. King and Taverner (1975) used gross energy (GE, kcal/kg) and neutral 
detergent fibre (NDF, %) to predict DE and suggested that the following equation: 
DE(kcal/kg DM)= 1.177GE-1085-40.22NDF(%) 	(Ii) (22) 
might be used to predict DE of pig diets compounded from conmionly used 
constituents. Wiseman and Cole (1983) concluded that prediction equations based 
upon GE, CF, C172 appeared to be particularly useful. Just et aL (1984) developed the 
following equation between ME (MJ/kg DM) and the proximate analysis (kg/kg DM) 
of 300 samples of vegetable feedstuffs: 
ME= 19.7CP+ 19.401L-12.5CF+ 15.8NFE 	 (Ii) (23) 
Several equations to predict DE have been reviewed by Morgan and Whittemore 
(1982) and reported by Morgan et aL (1984, 1987). They suggested that the 4-factor 
linear equation: 
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DE = 17.49-14.9NDF + 15.701L+ 7.8CP-32.5ASH 	(h) (24) 
was the most effective in the prediction of DE (MJ/kg DM); where NDF, OIL, CP 
and ASH are neutral detergent fibre, oil, crude protein and ash content (kg/kg) of the 
feed respectively. In the model, DE can be described as input or is predicted from the 
oil (OIL), crude protein (CP), ash (ASH) and crude fibre (CF) content (kg/kg) of the 
feed eaten. The use of CF is more attractive, because it is a familiar analytical 
component. Batterham (1990) quoted an equation to calculate ME: 
ME(MJ/kg) = 18CP+31.501L-14.9CF+ 16.3NFE 	(h) (25) 
where 
NFE = 1-(CF + CP +ASH + OIL+ WATER) 	 (h) (26) 
Daily intake of DE (MJ/day) is established from DE content of the diet and daily feed 
intake (Whittemore, 1983, 1987): 
DE(,rJ/day) = (DE)(FEED) 
	
(Ii) (27) 
Emmans (1990b) calculated the nutrient composition of food eaten by pigs through 
food effective energy content (FEEC, MJ/kg): 
FEEC= MEC-4.67DCP-3.8FOMC+6DCL 	 (h) (28) 
where MEC is food metabolisable energy (MJ/kg), DCP is digested crude protein 
content of food (kg/kg), FOMC is faecal organic matter content (kg) and DCL is 
digested crude lipid content (kg/kg). Emmans (1990b) suggested that heat of protein 
catabolism is 4.67 MJ/kg, heat of faecal organic matter is 3.8 MJ/kg and he assumed 
that the energy retained from digested lipids is 12k MJ/kg (k is the proportion of 
digested lipid retained directly and given a value of 0.5). In calculating MEC, the 
amount lost in the urine must be deducted. For practical purposes, many have 
assumed that urinary losses are proportional to DE intake. Assumptions of MEC/DE 
vary from 0.92 to 0.96. However, for more accurate calculations, Filmer and Curran 
(1977) suggested that it is important to take the protein relationships into account and 
to calculate the MEC of the diet from a knowledge of the DE intake and the protein 
deaminated. In this model, MEC is estimated from DE by taking the energy retained 
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in DCP to be 5.63 MJ/kg. MEC and FOMC are calculated as follows: 
MEC = DE-5.63DCP 
	
(Ii) (29) 
FOMC = OMC-(DCP + DCL+ DCHO) 
	
(h) (30) 
where OMC is derived from food ash content (ASH, kg/kg) and moisture content 
(WATER, kg/kg). DCP is calculated from protein digestibility coefficient (DIG) and 
crude protein content of the food (CP, kg/kg). DCL can be derived from lipid 
digestibility coefficient (LDIG) and crude lipid content of the food (CL, kg/kg). 
DCHO is evaluated from food metabolisable energy content (MEC, MJ/kg) by taking 
the energy retained in DCP and DCL to be (23.8-5.63) MJ/kg and 39.6 MJ/kg 
respectively. The heat of combustion of protein and the urinary energy of protein 
catabolised are 23.8 and 5.63 MJ/kg respectively. The energy content of digested 
carbohydrate is 17.2 MJ/kg, therefore: 
OMC= 1-(ASH+ WATER) 	 (h) (31) 
DCP=(DIG)(CP) 	 (h) (32) 
DCL= (LDIG)(CL) (h) (33) 
DCHO = (MEC-18.17DCP-39.6DCL)/17.2 	 (Ii) (34) 
Emmans (unpublished data) assumed that ash digestibility coefficient and ash value 
are 0.7 and 0.8 respectively. Digested ash contents of the food (DAC, kg/kg) and ideal 
ash contents of the food (FIAC, kg/kg) can thus be derived 
DAC = 0.7ASH 	 (e) (35) 
FIAC=0.8DAC (e) (36) 
3.33 Energy used in the body 
Kielanowski (1966) described the use of the factorial method to asses the energy 
requirements of the growing pig, and reference was made to this in the original ARC 
publication on the nutrient requirements of pigs (ARC, 1967). He proposed that 
metabolisable energy (ME, MJ/day) intake could be partitioned into three separate 
components: the energy requirement for maintenance and for protein and fat 
deposition. Figure 3.2 shows the classical breakdown of the gross energy of the food 
via digestible energy (DE) and ME, to net energy (NE) which can be used for 
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Total heat production 	 - 
Figure 3.2 Partitioning of food energy within the animal 
(modified from Filmer and Curran, 1977) 
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maintenance or for productive purposes. The energy used for maintenance, together 
with that of the heat increment, is given off by the animal as total heat production 
(Filmer and Curran, 1977). The food intake needed to meet energy requirements has 
been described detailed in the previous chapter. Whittemore (1987) proposed that 
food effective metabolised energy (MET, MJ/day) is partitioned into maintenance, 
protein retention, fat retention and cold thermogenesis: 
MET=EM+EPR+ELR+EH1 	 (h) (37) 
where EM is the energy requirement for maintenance (MJ/day), EPR is the energy 
requirement for protein retention (MJ/day), ELR is the energy requirement for lipid 
retention (MJ/day) and EH1 is the energy cost of cold thermogenesis (MJ/day). 
Energy costs consequent upon the synthesis of the mineral components of bone are 
ignored as a separate entity and are likely to have been incorporated by most 
regression techniques into the energy costs of protein retention (Whittemore, 1983). 
If food intake is restricted at very low temperature, the food effective metabolised 
energy (MET, MJ/day) (MET=FI x FEEC) eaten by the pig might not meet its 
minimum requirements, energy requirements for maintenance (EM, MJ/day) and 
cold thermogenesis (EH1, MJ/day). This will not allow the pig to deposit protein and 
lipid. In this situation, the model will cease and give a warning to supply more food or 
change the food composition. Close and Fowler (1983) indicated that even pigs fed at 
the level of intake which can only meet the maintenance would deposit protein at the 
expense of energy mobilised from body lipids. 
ARC (1981) suggested a preferred estimate of the metabolisable energy (ME) cost of 
maintenance (EM, MJ/day) for growing pigs from 5 to 90 kg: 
EM = 0.719W063 
	
(Ii) (38) 
However, this equation does not allow for those pigs containing higher body protein 
mass (PT) due to either the sex (Fuller, 1980) or breed (Sharma et aL, 1971). Since 
most maintenance activities occur in the intestines, liver and muscle tissue, 
Whittemore (1983, 1987) proposed a relevant method to evaluate EM from the total 
body protein mass (PT): 




The above equation may better account for animals of high body lean content, such as 
entire males. According to some recent work in Edinburgh, Emmans (1986), Emmans 
and Kyriazakis (1989) and Emmans (1990a) proposed that the energy needed for 
maintenance could be calculated from total protein mass (PT, kg) and mature total 




The energy cost of protein retention (EPR) has two components, the energy retained 
in protein (23.6PR) and the work energy used to drive the anabolic processes of 
protein growth (Whittemore, 1983; McDonald et aL, 1988). Van Es (1980) derived 
maximum efficiencies of utilisation of the metabolisable energy for protein deposition 
of about 0.85 and 0.80 for monogastrics and ruminants respectively. ARC (1981) 
referred to Millward et aL(1976) who proposed 5 mole AlP, or about 3.6 MJ to form 1 
kg protein. Thus EPR can be calculated from the total mass of protein turned over in 




It is assumed that there is a minimal value of PX, probably in the region of 0.05 of the 
total body protein mass (PT, kg) and PX assumed to be a function of degree of 
maturity and calculated as follows (Whittemore, 1983, 1987): 
PX=PR/(0.23(PTM-PT)/PTM) 	 (e) (42) 
PXmm. =0.05PT 	 (e) (43) 
where PTM is the mature total protein mass. PTM can be assumed to be in the region 
of 30 to 40 kg, depending on sex and quality, and its parameter value is shown in Table 
2.1. 
Emmans (1990b) proposed that the heat production from protein retention is 36.5 
MJ/kg, the heat of protein catabolism is 4.67 MJ/kg, the heat of combustion of 
protein is 23.8 MJ/kg and the urinary energy from protein catabolised is 5.63 MJ/kg. 
Therefore EPR is a combination of heat production after catabolism and heat of 
combustion of protein minus urinary energy. 
EPR= (36.5-4.67)PR+ (23.8-5.63)PR 	 (Ii) (44) 
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The energy costs of fat growth (ELR) can be evaluated by taking the energy retained 
in lipid to be 39.6 MJ/kg and the energy cost of its deposition as 13.9 MJ, following 
from an energetic efficiency of 0.74 (ARC, 1981; Whittemore, 1983). However, 
Stranks et aL (1988) indicated that efficiency from dietary lipid may be higher (about 
0.90). Filmer and Curran (1977) summarised that the efficiency of utilisation of ME 
depends on the purpose to which the ME is directed, the efficiency for growth and 
fattening in young pigs ranged from 0.65 to 0.70 and that for gain of almost pure fat in 
large pigs maintenance was 0.807. Emmans (1990b) used 0.70 as the efficiency of lipid 
retention and proposed: 
ELR= 16.4LR+39.6LR 	 (Ii) (45) 
It may be assumed that the priority for MET (food effective metabolised energy, 
MJ/day) is in the order EM (energy cost for maintenance, MJ/day), EH1 (energy cost 
of cold thermogenesis, MJ/day), EPR (energy cost of protein retention, MJ/day), 
ELR (energy cost of lipid retention, MJ/day). Thus the daily rate of fat deposition 
(LR) can be calculated as: 
LR=(MET-(EM-fEPR+EH1))/(16.4+39.6) 	 (h) (46) 
The energy cost of cold thermogenesis (EH1, MJ/day) obviously only takes place at 
temperature below the lower critical temperature (LCI) (Filmer and Curran, 1977). 
Whittemore (1987) indicated that this extra energy for cold is diverted from fat growth 
at first, and then from both fat and lean growth in order to satisfy this need. As a 
result, pigs grow more slowly in the cold than in the warm. If ELR, which comes from 
MET-(EM + EPR + EH 1), is negative then the pig will lose fat from body lipid and the 
fat lost from the pig is thus derived. 
LR=(MET-(EM+EPR+EH1))/39.6 	 (h) (47) 
The temperature used in the Edinburgh Model Pig V2 was divided into the house 
temperature and outside temperature. The outside temperature can not be controlled, 
but it effects on pigs can be modified by means of a building. According to a technical 
note of SAC (1987), the heat produced by the pig and by supplementary heating is lost 
through the ventilation system (Figure 3.3). Outside temperature affects the radiation 
of the housing. Radiation can be either an energy gain or an energy loss. The wind 
can have a cooling effect on the building. Heat losses from the building can be 
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Figure 3.3 Building energy balance (modified from SAC, 1987) 
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reduced by insulating the structure and by controlling the ventilation rate. Therefore 
using different values of VE (rate of air movement and degree of insulation) and VL 
(floor type in lying area) to calculate the effective environmental temperature when 
outside temperature rises above 25 0C is more relevant in the further calculation of the 
energy cost of cold thermogenesis for each degree of cold. Table 3.2 shows the scores 
of YE and VL for use in calculating the effective environmental temperature. The 
effective internal environmental temperature of the house (T) is now estimated as: 
T= (TH)(YE)(VL) 	 (s) (48) 
where TH is the house temperature (°C). 
Table 3.2 Scores for YE and YL for use in calculating the effective environmental 
temperature (T) in the equation T= (TH)(VE)(VL) 
Outside temperature 
<250C 	>=25°C 
Rate of air movement and degree of insulation 	 YE 
Insulated, not draughty 	 1.0 	1.1 
Not insulated, not draughty 	 0.9 1.1 
Insulated, slightly draughty 0.8 	0.9 
Insulated, draughty 	 0.7 0.8 
Not insulated, draughty 	 0.6 	0.6 
Floor type in lying area VL 
Deep straw bed 1.4 1.2 
Shallow straw bed 1.2 1.2 
No bedding on insulated floor 1.0 1.0 
Slatted floor with no draughts 1.0 1.0 
No bedding on uninsulated floor 0.9 0.9 
Slatted floor with draughts under 0.8 0.8 
No bedding on wet, uninsulated floor 0.7 0.7 
Source: interpolated from Whittemore (1987) 
Whittemore (1987) described the dependence of critical temperature upon the heat 
output (H) from the body can be broadly expressed for liveweights of 10 kg or more 




where LCT is the lower critical temperature, H is 0 or positive. The value of H is 
generated from within the model as the sum of the work energy used for maintenance, 
and for the growth of protein and fatty tissues; or by difference (Whittemore, 1983, 
1987; Emmans, 1990a). 
H = MET-(23.8-5.63)PR-39.6LR 	 (s) (50) 
Whittemore (1987) offered the following equation: 
EH1 = O.012W0.75(LCT-T) 
	
(s) (51) 
to calculate the energy of cold thermogenesis, where EH1 is in MJ/day, and W is in 
kilogram, LCT is the lower critical temperature, T is the effective internal temperature 
of the house. EH1 appears to increase linearly according to the difference between T 
and LCT, and has been estimated to be between 0.0006 and 0.0016 MJ per kg WI 0.75 
per day (Verstegen et aL, 1973). Emmans (unpublished data) estimated that heat loss 
(H) is scaled to weight raised to the 0.67 power. Scaled sensible heat loss depends 
only on the environmental effective temperature (T) .and increases by 32 kJ/degree 
C/day as the temperature falls below 38 0C. The minimum and maximum scaled 
evaporative heat loss are 350 and 500 U/day respectively. These have been discussed 
in the Chapter 2. From the above assumptions, the lower critical temperature (LCT) 
can be calculated for a pig producing heat at a given rate. 
LCF=38-((H/W067)-0.35)/0.032 	 (s) (52) 
The new heat loss (Hi) to meet the lower critical temperature can thus be derived 
from the equation (46). 
Hi = (WO.67)(0 35 + 0.032(38-T)) 	 (s) (53) 
The energy cost of cold thermogenesis can therefore be derived from the difference 





3.3.4 Protein used in the body 
The total utilisable (or available) protein depends on the most (or first) limiting 
essential amino acid in the diet. This controls biological value and the utilization of 
dietaiy protein within the animal can be described as Figure 3.4. Whittemore (1987) 
indicated that the efficiency of use of dietary protein is controlled by digestibility, 
utilisation (proportion of total digested protein that is of ideal amino acid balance), 
maintenance (protein mass and protein turnover) and level of oversupply. Total ideal 
protein from the food (IPT, kg/day) can be absorbed and passed into the body to 





where ivr is derived from food ideal protein contents (FIPC, kg/kg) and daily food 
intake (Fl, kg/day). FIPC can be calculated from digested protein content (DCP, 




FIPC = (PV)(DCP) (Ii) (57) 
The ideal protein requirement for maintenance (1PM) is the amount needed to 
support the obligatory losses from the body via the urine and intestine. 1PM can result 
from the inefficiencies of protein turnover and comprise the rate of urinary excretion 
(Whittemore, 1976a, 1987). 
1PM = O.004PT 	 (e) (58) 
Emmans (unpublished data) suggested that 1PM was proportional to the energy cost 
for maintenance (EM). 
1PM = O.005EM 
	
(e) (59) 
Because total ideal protein absorbed (1FF) is partitioned into protein required for 
maintenance (11PM) and for protein retention (IPPR), daily protein retention can thus 
be derived. 
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Figure 3.4 Utilization of dietary protein within the animal 
(modified from Whittemore, 1987) 
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IPPR=(IPT-IPM)(PEFF)=PR 	 (h) (60) 
where PEFF is the efficiency of use of ideal digested protein (will be discussed below). 
If food intake is restricted too seriously that total ideal protein absorbed (IPT, kg/day) 
(IPT=Fl x FIPC) can not meet, such its minimum requirements for maintenance 
(1PM, kg/day), then the pig will show no protein retention. In this situation, the 
model will cease and give a warning to supply more food or change food composition. 
If PR is positive, the relationship of the equation (60) will hold until PR= PR!, where 
PR1 is daily maximum protein retention after compensation (kg/day) which is 
described detailed in the previous chapter. 
PR1 = PRM + (FTC-PT) 
	
(s) (61) 
where PRM is potential daily protein retention (kg/day), PTC is the normal desired 
protein mass (kg/day) which is 5 times of total ash mass (AT, kg) of the pig, PT is 
actual protein mass of the pig (kg). According to recent experimental work in 
Edinburgh, Whittemore, Tuffis and Emmans (1988), Whittemore (1989), Kyriazakis 
(1989), Emmans and Kyriazakis (1989) and Whittemore and Morgan (1990) 
recommended the Gompertz function to express the change in weight of the pig and 
its body components in relation to time and to predict weight at maturity. They 
proposed the following equation to predict the daily potential protein retention. 
PRM = (B)(PT)log(PTM/PT) 	 (h) (62) 
where B is growth rate parameter, PT is the total mass of protein (kg), and PTM is the 
mature total protein mass (kg). PTM is difficult to quantify as few experiments have 
taken pigs through to their mature size and estimated protein mass. What evidence 
there is suggests a value between 30 and 40 kg, the lower relating to castrates and 
higher to entire males (Whittemore, 1987). The parameter values of PTM and B of 
different quality and different sex have been shown in Table 2.1. According to recent 
work of Kyriazakis and Emmans (unpublished data), there is an efficiency in the use of 
ideal digested protein (PEFF) which is a function of the energy: protein of the food 
and is in the range of 0 - 0.85 (usually range from 0.65 to 0.8). 




where FEEC is effective energy content of the food (MJ/kg), DCP is digested crude 
protein content of the food (kg/kg). Therefore, daily protein retention (PR, kg/day) 
from the food can be calculated from the following relationship and PR can not exceed 
PR1. 
PR=(IPT-IPM)(PEFF) 	 (h) (64) 
333 Ash used in the body 
The concept of ideal ash was discussed in the previous chapter, and it is assumed that 
ideal ash absorbed and passed into the body is partitioned into ash required for 
maintenance (lAM, kg/day) and for ash retention (AR,  kg/day) with the efficiency 
0.8. Therefore, daily ash retention from dietary ash is derived: 
AR=0.8(FI x FIAC-IAM) 	 (e) (65) 
where F1 is food intake (kg/day), FIAC is food ideal ash contents (kg/kg). If food 
intake is restricted too seriously, such that total ideal ash absorbed (JAT, kg/day) 
(IAT=FI x FIAC) can not meet its minimum requirements for maintenance (lAM, 
kg/day), then the pig will not retain ash. In this situation, the model will cease and 
give a warning to supply more food or change food composition. Because in the 
normal growing pig, protein mass (PT) is about 5 times of ash mass (AT) (Tullis, 1982; 
Henderson, 1982; Kyriazakis, 1989) and ash growth is quite stable in the growing stage 
(Henderson, 1982; Whittemore, Tulils and Emmans, 1988; Kyriazakis et aL, 1991), it is 
assumed that ideal ash requirement for maintenance (lAM, kg/day) is proportional to 
the ideal protein for maintenance (1PM, kg/day) and is proportional to the energy cost 
for maintenance (EM). 
1AM = 1/5(IPM) = 0.001EM 
	
(e) (66) 
it is suggested that potential ash retention (ARM, kg/day) could be derived from the 
Gompertz function like potential protein retention. 
ARM = (B)(AT)log(0.2PTM/AT) 	 (e) (67) 
where AT is ash mass of the body (kg), B is the growth rate parameter, PTM is the 
mature total protein mass (kg) and is shown in Table 2.1. Ash retention (AR, kg/day) 
can not exceed potential ash retention (ARM, kg/day). 
3.3.6 Physiological components of live growth 
33.6.1 Initial body composition 
Manners and McCrea (1963) chemically analysed the whole empty bodies of 15 
suckled pigs between the ages of 0 and 28 days, while Elsley (1964) studied empty body 
compositions of 233 suckled pigs at 0, 21 and 56 days of age. The results showed that 
post 7 days and up to 56 days of age, the proportions of protein and ash in the empty 
body remained veiy constant whereas the proportions of lipid and .water were highly 
variable. From Elsley's (1964) observation, water content decreased with advancing 
age, so increasing the proportions of protein and ash. Brooks et aL (1964) did two 
trials to determine the chemical composition of young pigs. In trial 1 eight pigs were 
killed at birth and eight pigs at 50 lb liveweight. In trial 2 four pigs were killed at birth 
and at each 6-day interval until pigs were 30 days of age. The results showed that fat 
increased rapidly in the pig carcass after birth, resulting in a lower percent of moisture, 
protein and ash. Whittemore et aL (1978) and Tullis (1982) also established that 
following weaning from the sow, piglets might lose substantial amounts of lipid yet 
continue to deposit muscle and bone. TulJis (1982) summarised that the most 
profound drop in water content, and rise in lipid content, occurred during the first 
week of pig's life. Between 7 and 56 days of age, protein and ash fractions of the 
empty body remained more or less constant at around 0.15 and 0.031 respectively. 
Mullan et aL (1989) concluded that the mean protein content increased of the piglet 
increased from 0.12 at birth to 0.14 and 0.15 at 1 and 2 weeks of age respectively, and 
thereafter remained constant; the corresponding increases in mean fat content were 
from 0.013 at birth to 0.09, 0.13, 0.15 and 0.16 at 1, 2, 3 and 4 weeks respectively. 
Whittemore (1983, 1987) summarised that most pigs of 10 kg, having been weaned at 5 
kg will contain about 0.16 protein, and between 0.08 and 0.12 fat, the remainder being 
water (0.71) and ash (0.03). The proportion of fat at the start is dependent on the 
condition of the pig, such as age at weaning, nutritional history and genotype, and is 
between 0.07 and 0.15 (Whittemore, 1983). The differences between sexes and 
genotypes at birth are negligible and therefore the estimates of initial body 
composition are similar for all animals. The following equations were used in the 
Edinburgh Model Pig Vi (Whittemore, 1983). 
AT=0.03W 	 (h) (68) 
LT= 0.07 to 0.15W 	 (h) (69) 
PT=0.134(W-LT) 1 . 12 (s) (70) 
where AT, LT, PT represent the total mass of ash, fat and protein at the start of the 
simulation. Moughan et aL (1987) used values similar to those of Whittemore (1983) 
but with a slightly wider range for lipid content at start. The model of Black et aL 
(1986) described initial lipid mass as a function of genotype and sex alone and initial 
body protein, ash and water mass were estimated as functions of fat-free empty body 
weight. 
To run the Edinburgh Model Pig V2, some general points of pig description are 
needed. The score of fleshiness is used to describe the degree of lean at start: 0, very 
poorly fleshed; 10, very well fleshed. The score of fatness is to adjust the lipid mass at 
start: 1, very thin for weight; 10, very fat for weight. Whittemore (1983) indicated that 
modern strains of pig have a ratio of lipid to protein of 1: 1 or less. The carcass data 
of Tullis (1982) and Henderson (1982) demonstrated that the normal ratio of protein 
to ash is about 5: 1 under non-limiting nutrition, and ratio of lipid to protein is 1: 1 in 
a well rounded weaner. Therefore the model assumes that the range of protein : ash 
and lipid : protein are 4 to 5: 1 and 0.1 to 2: 1 respectively, according to the condition 
of the pig. Figure 3.5 shows the relationships between score of fleshiness and protein: 
ash and between score of fatness and lipid : protein. The score of fatness (FSC) of 5.5 
represents the pig in a well rounded weaner having a lipid : protein of 1. The pig will 
be significantly fatter if the score of fatness is above 5.5. The score of fleshiness (FLS) 
and protein : ash is a linear relationship in the model. The ratio of protein to ash at 
start weight (PAR) and the ratio of lipid to protein at start weight (LPR) can thus be 
derived. 
PAR=4+0.1(FLS) 	 (e) (71) 
If the score of fatness (FSC) is less than 5.5 then: 
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Figure 3.5 The relationships between score of fleshiness and 




























If the score of fatness (FSC) is greater than 5.5 then: 
LPR= 1+(2-1)/(10-5.5) x (FSC-5.5) 	 (e) (73) 
When the user enters an expected start weight, the model uses PT=0.16W to set the 
first assumption to estimate protein mass at start, then protein : ash ratio (PAR) and 
lipid: protein ratio (LPR) are used to evaluate total ash mass and total lipid mass at 
start. Total water mass (YT) is calculated from mature protein mass (PTM) and 
protein mass (PT) (will be dealt with later), then empty body weight (WE) is thus 
derived. Gut content is calculated from empty body weight and is adjusted by dietary 
crude fibre (will be dealt with later). The liveweight is thus generated. If liveweight is 
less than the expected weight then increases 0.02 kg of protein mass and recalculates 
AT, LT, YT and GUT. If liveweight is greater 0.3 kg than the expected weight then 
decreases 0.02 kg of protein mass to re-adjust the liveweight. This initial weight is thus 
used in the model. 
33.6.2 The physical components after the first day 
Whittemore (1983, 1987) proposed that chemical mass can be accumulated during the 
course of the simulation through to slaughter in the manner: PT=VF+PR; 
LT=LT+LR; AT=AT+AR, where PT is protein mass (kg), PR is protein retention 
(kg/day), LT is lipid mass (kg), LR is lipid retention (kg/day), AT is ash mass (kg), 
AR is ash retention (kg/day). There is ample evidence showing that as protein mass 
increases then the amount of water associated with protein in the lean mass reduces 
(Whittemore, 1987). Emmans (unpublished data) suggested that total body water 
(YT, kg) can be derived from mature protein mass (PTM, kg) and protein mass (PT, 
kg). 
YT=3.2(vrM01)(vr09) 	 (s) (74) 
Whittemore (1983, 1987) suggested that gut contents (ingesta, digesta and large 
intestinal waste) usually comprise about 0.05 of the liveweight and are modified 
through crude fibre of food eaten. The pig growth model of Moughan et aL (1987) 
also used 0.05 of the liveweight to calculate gut weight. Owen and Ridgman (1967) 
reported that the gut contents of pig weighing more than about 70 kg increase with a 
decrease in the enerr content of the diet. Therefore, Black et aL (1986) assumed that 
gut fill represented 0.05 of liveweight except for animals weighing more than 70 kg and 
given diets containing less than 14 MJ DE/kg. The working party of Stranks et aL 
(1988) suggested that when pigs were fed ad libitwn or normally weighed after feeding, 
gut fill is around 0.1 liveweight. If foods were restricted and pigs were weighed before 
feeding, 0.05 of liveweight was considered appropriate. Pond (1984) proposed that gut 
size increases with increasing dietary fibre. Whittemore (1987) also indicated that 
dietary fibre content will influence the estimate of gut content: the more fibre, the 
greater both the bulk of digesta and the water retained in the gut. Such refinements 
may be readily made as derivations from the chemical composition of the initially 
ingested food. With foods of lower bulk density, the consequences upon live gain and 
carcass yield can be significant, a high nutrient density diet often resulting in 0.01-0.02 
units more carcass yield on the basis of a lesser gut fill alone. It is suggested that there 
is no effect on the gut weight when diet contains 40 g crude fibre (CF) per kg. The use 
of this correction seems to be more logical than the simple assumption that gut 
contents is 0.05 of liveweight. Therefore, empty body weight (WE), gut (GUT) and 
liveweight (W) after the first day can be calculated as: 
WE=PT+LT+AT+YT 	 (h) (75) 
GUT = 0.05WE + (0.05WE)(0.008(CF-40)) 	 (s) (76) 
W=WE+GUT 	 (s) (77) 
3.3.6.3 Carcass composition 
Blair et aL (1969) indicated that carcass quality was influenced significantly by dietary 
treatment and sex; carcasses of males were fatter and with a lower proportion of ham 
than those of females. In the experiment of Hale and Southwell (1967), barrows 
gained weight faster than guts, but gilts had a higher dressing percentage and produced 
longer carcasses with less backfat, larger loin-eye area and a higher yield of lean cuts. 
Duroc pigs gained weight faster and more efficiently than Hampshire pigs, but 
Hampshires produced carcasses which were longer and had less backfat, a larger loin-
eye area and a higher yield of lean cuts. It is evident that the relationships between 
total fat and P2 differs with breed, strain and carcass weight and may also be affected 
by sex (Stranks et aL, 1988). At 90 kg liveweight entire males contained less fat and 
more protein and water in the empty body than females (Campbell et al., 1985b). 
Whittemore (1983, 1987) summarised the data of TuIlis (1982) and Henderson (1982) 
and suggested that the carcass dissected bone (BD), carcass dissected fat (FD), the P2 
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backfat depth (mm), carcass yield (WC), and killing-out percentage (KO) can be 
calculated as follows: 
BD(kg) = 2.5ATBLOCK 
	
(s) (78) 
(kg) = 0.89LT 
	
(Ii) (79) 
2(mm) = 0.91FD + 0.5 
	
(h) (80) 
where PT is the total body protein mass (kg), LT is the total body lipid mass (kg). 
BLOCK is the blockiness coefficient, and is to adjust the difference in the carcass 
dissected bone between Pure Belgian and Large White. It is assumed that the 
difference is about 1 kg. Whittemore (1987) indicated that the blocky strains of pig 
usually carry about 15% more fat depth at the P2 site at equal percentage lean. The 
Piétrain has been estimated to have some 4% units more lean meat than the Large 
White (61 v. 57%) and to have a considerably more favourable lean : bone (6: 1 v. 5: 
1). The blockiness adjustment factor (BL) is used to adjust the lean in different 
shapes and types of pig, and is assumed to be from 1.0 to 0.75 and is calculated 
according to the blockiness coefficient: 
IfBLOCKI 0.24 then P2=P2, BL= 1.0 
If 0.24 <BLOCK <. 0.49 then P2= 1.05P2, BL=0.9 
ff0.49 <BLOCKs 0.74 then P2= 1.10P2, BL=0.8 
If BLOCK> 0.74 then P2= 1.15P2, BL= 0.75. 
If PR > 0.121 then P2=P2-1 
IfPR <0.111 then P2=P2+1 
Smith and Pearson (1986) compared carcass composition and meat quality of Large 
White, Landrace and Duroc pigs and found that Landrace carcasses had a relatively 
lower proportion of bone and the three breeds had a similar carcass lean : bone ratios 
(Landrace: 5.3; Large White: 5.1; Duroc: 4.8). The amounts (g/kg) of carcass 
dissected lean (LEAN), carcass subcutaneous fat (SUBFAT) and total dissectible fat 
(DISFAT) are best estimated from P2 using the equations derived by Diestre and 
Kempster (1985). Other corrections to deal with differences in pig shape and type 
concern a positive adjustment to the yield of carcass lean and an improvement in 
killing-out percentage. 
LEAN(g/kg) = 600 + 0.45WC-7.9(P2)(BL) 	 (s) (81) 
SUBFAT(g/kg) = 61 + 73P2 	 (Ii) (82) 
0. 
DISFAT(g/kg) =88+O. 19WC+ 9.4(P2) 	 (Ii) (83) 
Builman et aL (1989) pointed out that killing-out percentage is reduced as gut size 
increases. Smith and Pearson (1986) found that Duroc gifts had the highest killing-out 
percentages and Large Whites the lowest, but the breed differences were not 
significant. The killing-out percentage (KO) is calculated according to the liveweight 
(W), empty body weight (WE), crude fibre (CF) of food eaten, P2 and blockiness 
coefficient (BLOCK). BLOCK is used to adjust the KO for different shapes and types 
of pigs. Carcass weight (WC) can be calculated from killing-out percentage and 
liveweight. The head weight of carcass (HEAD) is calculated from empty body weight 
(WE) excluding gut content and is more logical than that from liveweight 
(Whittemore, 1983). 
KO(%) = 66 + 0.09( W-O.O5WE(O.008(CF-40))) + 0. 12P2 + 2BLOCK 	(Ii) (84) 
WC=KO(W)/100 	 (h) (85) 
HEAD =0.053WE+ 1.2 	 (h) (86) 
3.3.7 Carcass grading 
The meat processor or retailer has to meet his customer's requirements in terms of 
the size, attractiveness and composition of cuts or products offered for sale and has to 
estimate the amount of meat he will be able to sell from each carcass. Carcass quality 
is also of concern to the wholesaler and meat packer who buys from farmers and has 
to meet retailers' needs. Therefore, the evaluation of the carcass is veiy important at 
all stages of the meat marketing chain from farm through to retail sale. Whittemore 
(1987) indicated that grading schemes usually contain a range of standards. In some 
the standard (such as level of fatness) may be the prime controller of value and 
payment received by the producer, whilst in others the standard (such as quality of fat) 
may be of considerable importance to carcass quality but yet not play a functioning 
part in the payment schedule. Sometimes, pigs are sold at a flat rate of payment per 
kg dead weight carcass yield or they may be sold for a flat rate of payment per kg of 
lean yield. However, more usually the contract for pig procurement defines carcass 
quality in terms of backfat depth (P2), and allocates price penalties accordingly. 
In any production system there is variation: the less well managed the production 
process, the greater the variation. Whittemore (1985) indicated that backfat depth of 
pigs is considered as being normally distributed through the population. However, as 
average fatness reduces, then so the possibility of normal distribution lessens and that 
for skewness increases. With pigs, there is biological variation in the fatness which 
influences the. distribution of slaughtered pigs through a grade scheme. The greater 
the variation, the wider the distribution. Common causes of increased variation are 
disease, poor feeding management and poor housing. The farm with less variation in 
fatness will have fewer outgrades of pigs than another farm, even though both farms 
have the same average backfat depth. A weakness of the Edinburgh Model Pig Vi is 
that a small range of estimates of the variation in P2 were asked for (high, average, 
low, very low), then a set of related data, 0.23, 0.2, 0.17 and 0.14 were given to estimate 
different conditions of variance. It is quite inflexible and can not meet the real 
simulation for different farms. In order to extend the precision of grading system to 
meet the individual situation, a computer program was developed and will be 
discussed in the next section. 
3.3.8 P2 variance 
This program was written to allow the use of farm records of the previous history of 
carcass weight and P2 for up to 999 carcasses. Two methods can be used to describe 
the data of carcasses and P2. One goes through this program, the user inputs carcass 
weight and P2 following the procedures of the program; the other one is from any 
word processor, the user creates a data file named P2VAR.DAT and sets up all data 
of carcass weight and P2 to consist with the program. The structure of the data file of 













The data of the first line represents total numbers of carcasses, e.g. there are 10 
carcasses in this example. As for other lines, the data in the first column and second 
column represent carcass weight and P2 respectively. The program calculates the 
mean and standard deviation of carcass weight and P2, so the actual variation in P2 on 
the individual farm is therefore derived. This variation in P2 can be transferred 
automatically to the model pig and is used in evaluating the grade of carcasses. 
33.9 Economic evaluation 
The determinants of costs and returns in a pig enterprise and the key position of feed 
costs in influencing these were set out by Dent (1972) as shown in Figure 3.6. 
Financial returns are determined by growth rate, carcass quality and selected market 
weight of the pig. These factors operate by way of their respective influence on the 
number of pigs sold and the cash return per pig. Total costs are made up of running 
costs for feed and labour, and the capital costs for stock, building and equipment. The 
capital costs should be directly affected by the liveweight gain of pigs (related to the 
throughput) and the selected market weight. This latter decision is closely linked with 
the producer's expectation of feed costs, and the returns per pig is affected by carcass 
quality. 
The model calculates pig places in the last house of the finishing system through pen 
number and pigs per pen. The number of batches per year through the last house is 
thus derived from the feeding period that pigs stayed in the last house, and pen empty 
days between batches. Total pigs through the unit per year is calculated from pigs in 
the last house and batches per year through the last house. This is compared with 
number of weaners available and smallest number is used. Average value of the pig is 
evaluated from the system of payment for the carcass and carcass dead weight. If the 
payment is through maximum P2 then the average value of the pig is calculated from 
the carcass grade in relation to carcass weight and P2 measurement and the value per 
kg of the carcass. The margin per pig over feed and weaner costs is calculated from 
average value of the pig, cumulative feed intake, the cost of feed and the weaner cost. 
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Figure 3.6 Determinants of costs and returns in a pig 
enterprise (from Dent, 1972) 
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3.4 Synthesis of a system to predict response to nutrition allowance 
The following framework for response prediction is drawn from the previous 
discussion, and is definitive matrix for the computer simulation program of the 
Edinburgh Model Pig V2.1 
3.4.1 Definition of the internal environment 
3.4.1.1 Sex: 	entire male, female, castrate, both entire and female, or mixed 
castrate and female 
3.4.1.2 Pig type: improved, commercial, utility 
3.4.13 Blockiness coefficient: 
	
0-1 
3.4.1.4 Condition of pig at start: score of fleshiness and score of fatness 
3.4.13 W at start 




YT = 3.2(PTM0 i)(PTO.9) 
WE=PT+AT+LT+YT 
GUT = 0.05 WE + (0.05 WE) (O.008(CF-40)) 
W = WE + GUT 
If calculated start weight is less than the expected start weight then the model 
increases 0.02 kg of protein mass and recalculates AT, LT, YT and GUT. Otherwise, 
if calculated start weight is greater 0.3 kg than the expected start weight then decreases 
0.02 kg of protein mass to re-adjust the start weight. 
3.4.2 DefinitIon of the nutritional environment 
3.4.2.1 Feed: 	Set up feeding regimes and feed quality. 
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3.422 DE: 
NIFE= 1-(CF+ CP+ CL+ASH+ WATER) 
18CP + 31.5CL-14.9CF + 16.3NFE 
DE=MEC+5.63DCP 	 or as input 
3.4.23 Food composition: 
DCP = (DIG)(CP) 
FIPC = (PV)(DCP) 
DCL= (LDIG)(CL) 
MEC = DE-5.63DCP 
DCHO = (MEC-18.17DCP-39.6DCL)/17.2 
OMC= 1-(ASH+ WATER) 
FOMC = OMC-(DCP + DCL + DCHO) 
FEEC= MBC-4.67DCP-3.8FOMC+ 6DCL 
PEFF=0.0125(FEEC/DCP) 	 where 0 <= PEFF <= 0.85 
3.42.4 Maximum food intake (FIM) 
FIM = 0.075Fr/FOMC 
3.43 Definition of the non-nutritional environment 
3.4.3.1 T: 	T= (TH)(VE)(VL) 	(Table 3.2) 
3.4.4 Calculation of chemical growth in the first day 
3.4.4.1 Estimation of the possibffities for protein retention (PR) 
PRM = (B)(PT)log(VFM/PT) 
The parameter values of PTM and B are as Table 2.1. 
PTC = 5AT 
PR1 = PRM + (PTC-PT) 
1PM = 0.005EM 
PR= (Fl x FIPC-IPM)(PEFF) 	 where PR <= PR1. 
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3.4.42 Estimation of the possibffities for ash retention (AR) 
ARM = (B)(AT)log(0.2PTM/AT) 
DAC=0.7ASH 
FIAC = 0.8DAC 
lAM = 0.00 1EM 
AR=0.8(FI x FIAC-IAM) where AR <= ARM 
3.4.43 Determination of energy requirements for maintenance (EM) 
EM= 1.63PTM 027(VF) 
3.4.4.4 Determination of energy requirements for protein retention (EPR) 
EPR = (36.5-4.67)PR+ (23.8-5.63)PR 
3.4.43 Determination of energy requirements for lipid retention (ELR) 
ELR = (Fl)(FEEC)-(EPR + EM + EH1) 
3.4.4.6 Estimation of the possibifity for lipid retention (LR) 
If ELR < 0 then LR=ELR/39.6 else LR = ELR/(16.4 + 39.6). 
3.4.4.7 DetermInation of the energy requirements for cold thermogenesis (EH1) 
H = (MEC)(Fl)-(18. 17PR+ 39.6LR) 
HW1 = H/W0.67 
LCF = 38-(HW1-0.35)/0.032 
UCT = 38-(HW1-0.5)/0.032 
Hi = ( w0 .67)(O 35 + 0.032(38-T)) 
EH1=H1-H 
If EHi > 0 then LR is diminished to provide required energy. 
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YT = 3.2(PTMO i)(PTO. 9) 
WE=PT+LT+AT+YT 
GUT= 0.05 WE+ (0.05 WE)(0.008(CF-40)) 
W = WE + GUT 
3.4.6 Assignment of new values 
3.4.6.1 Values originally assigned in 3.4.1 updated according to the current values now 
found at 3.4.5. 
3.4.6.2 Return to 3.4.2. 
3.4.63 Continue until W > = intended slaughter weight. 
3.4.7 Estimation of carcass composition at slaughter 
3.4.7.1 Backfat depth (P2) and carcass subcutaneous fat 
FD = 0.89LT 
P2 = 0.91FD + 0.5 
If BLOCK <0.24 then P2=P2, BL= 1.0 
If BLOCK> 0.24 and BLOCK < 0.49 then P2 = 1.05P2, BL = 0.9 
If BLOCK> 0.49 and BLOCK < 0.74 then P2= 1.10P2, BL=0.8 
If BLOCK> 0.74 then P2=1.15P2, BL=0.75 
If PR > 0.121 then P2=P2-1 
IfPR < 0.111thenP2=P2-f1 
SUBFAT= 61 + 7.3P2 
DISFAT = 88 + 0. 19WC + 9.4P2 
M. 
3.4.71 Carcass side dissected lean and bone 
LEAN = 600 + 0.45WC-7.9(P2)(BL) 
BD = 2.5AT-BLOCK 
3.4.7.3 Carcass yield 
KO(%) = 66 + 0.09( W-0.05 WE(0.008(CF-40))) + 0. 12P2 + 2BLOCK 
HEAD= 0.053WE + 1.2 
WC=(KO)(W)/100 
35 Validation of the model 
35.1 Prediction of performance and carcass composition in pigs weighing 6 to 12-13 
kg 
Kyriazakis, Stamataris, Emmans and Whittemore (1991) used diets with two different 
crude protein levels (L: 150 g/kg CP and M: 252 g/kg CP) but with similar digestible 
energy content (15.1 and 15.2 MJ/kg DE) for forty Landrace X Large White ad 
libitum and created two groups of pigs with different body compositions: pigs on L 
were expected to have an increased fatness (fat pigs - F) and pigs on M to have their 
desired level of fatness (thin pigs - T), at a common lipid-free empty body weight. The 
effects of the two levels of CP in the food on performance and chemical composition 
of fat and thin pigs growing from 6 to 12-13 kg are shown in Table 3.3. Although the 
predicted values, also shown in Table 3.3, do not coincide precisely with the actual 
observations, they have met the objective that F pigs would have a higher lipid weight, 
and lower protein and water weights than T pigs. Table 3.3 also shows similar results 
between the predicted and actual values for the T pigs which grew at a faster rate, had 
a lower daily intake and converted food more efficiency than the F pigs. No matter 
how good a model is, it cannot be expected to predict individual observations closer 
than experimental errors permit. The coefficient of variation found for several 
outputs in essentially replicated trials averaged over 15% (Koong et aL, 1982). Thus, if 
the model were perfect, only 80% or less of predictions could be expected to fall within 
20% of the observed values. Since only daily gain and ash mass in the Fat pig group 
fell without 20%, a basic soundness of the model is attested. 
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Table 3.3 Comparison of actual and predicted values of performance and chemical 
composition of fat (F) and thin (T) pigs during 6 to 12-13 kg 
Fat pigs 
actual predicted difference 
value 	value 	(%) 
Thin pigs 
actual predicted difference 
value 	value 	(%) 
CP content (g/kg diet) 150 150 0 252 252 0 
Initial weight (kg) 6.27 6.02 -3.99 6.29 6.03 -4.13 
Final weight (kg) 13.37 13.14 -1.87 12.27 12.47 +1.63 
Time taken (days) 24.4 20 -18.03 13.4 16 +19.40 
daily gain (g/day) 293 360 + 22.87 449 400 -10.91 
Food intake (g/day) 573 660 + 15.18 508 560 + 10.24 
FCE (g gain/ g food) 0.5 13 0.541 + 5.46 0.889 0.719 -19.12 
Protein mass (kg) 1.564 1.835 +17.33 1.765 1.972 + 11.73 
Lipid mass (kg) 2.119 2.354 + 11.09 0.923 1.117 +21.02 
Water mass (kg) 7.939 7.968 + 0.37 8.144 8.501 + 4.77 
Ash mass (kg) 0.357 0.461 +29. 13 0.358 0.394 + 10.06 
Protein: ash 4.39 3.98 -9.34 4.96 5.00 + 0.81 
Lipid : protein 1.36 1.28 -5.88 0.52 0.57 + 9.62 
3.5.2 Prediction of compensatory growth response in the growing pig 
In the recent work of Stamataris, Kyriazakis and Emmans (1991), pigs were fed either 
ad libitwn or given 300 g/day of the same feed (CP= 208 g/kg, CF= 37 g/kg, ether 
extract = 55 g/kg, ash = 54 g/kg, DE = 15.4 MJ/kg) from 6 to 12 kg liveweight. The 
pigs given restricted access to the feed in the first period (R pigs from 6 to 12 kg) 
showed compensatory gains of liveweight, empty body weight, lipid and protein 
weights in the second period (from 12 to 24 kg) compared to that of pigs being given 
ad libitwn access to the feed in both periods (AL pigs). These compensatory gains 
were likely to reflect the difference between R and AL pigs at the end of the first 
period. Figure 3.7 shows that the predicted liveweight, derived from the model, with 
ad libitwn or with restricted food is similar to the actual liveweight from the 
experiment of Stamataris et aL (1991). The reason of difference between the 
predicted values and the observations after rehabilation may be caused from the 
variation of the chemical composition of the pig. In the model pig it was assumed the 
protein: ash ratio can not exceed 5.0, but the protein : ash ratio in the experiment of 
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333 Example nms 
A producer, feeding his pigs ad libitum from self feed hoppers was offered three 
alternative diets (see feed details in Table 3.4) to be given from start to finish. The 
feeding strategy, overheads and throughput of pigs, pig strain and type, housing 
conditions, slaughter weight and contract are described in Table 3.4. The simulation 
results including efficiency, biological report, carcass situation and financial report are 
shown in Table 3.5. The following conclusions are pertinent: 
Compensatory protein growth occurs in all three groups, but the Feed-C group 
compensates completely earliest at the pig weighing about 49 kg (Figure 3.8). After 
completing the compensation of protein growth, the pig tries to reach the minimum 
lipid : protein ratio and lipid is grown faster than before; this status can be seen in the 
Feed-C group in Figure 3.9. 
The average daily gain, average daily protein retention and lipid retention in the 
Feed-B group and the Feed-C group are quite similar (Table 3.5). 
Daily protein retention in the Feed-C group is faster before 50 kg (Figure 3.8), 
while lipid retention is faster after 50 kg (Figure 3.9) than those from the other two 
groups. 
Figure 3.10 shows that pigs using Feed-C gain faster in the growing stage, while pigs 
using Feed-B gain faster in the finishing stage. 
Figure 3.11 shows fresh feed intake in all three groups; it demonstrates clearly that 
the lower the crude protein and energy contents of the diet, the more food is eaten by 
the pig. 
From Table 3.5 and Figure 3.12, daily liveweights of pigs in both the Feed-B group 
and the Feed-C group are very similar, while the pig in the Feed-A group need 2 more 
days to reach the same weight. 
Figure 3.13 and Figure 3.14 show that total protein mass and lipid mass of pigs in 
the Feed-B and Feed-C group reach same weight at the slaughter since they 
compensate protein growth completely before slaughter (Figure 3.8). 
Daily fresh food intake and the percent pigs in the low grade in the Feed-A group 
are the highest among the three groups (Table 3.5, Figure 3.11 and Figure 3.15). 
The Feed-B group is the best option financially, although feed conversion ratio in 
the Feed-C group is better than the other two groups. 
Other cases could also be investigated to see what would happen if more (or less) food 
is offered to the pig, or a different type, or quality of stock is involved, or a different 
housing condition is introduced, or slaughter weight is changed, or the contract scheme 
is revised. The model does not come to a single optimum solution. However, it lays 
out some options open to decision makers and guides them as to the likely trend of 
those decisions. 
Table 3.4 The input report of the Edinburgh Model Pig V2. 1 
FEEDING REGIME: 1 
Regime: start at a t(ime or a w(eight 	 t 
Time (day) regime starts 	 1 
Regime type: 
p(ractical ad lib, m(aximum ad lib, c(onstant increment weekly 
v(arying weekly rations, u(niform increments each 5kg pig growth 
n(on uniform rations each 5kg pig growth 	.................................m 
Wastage (% of total feed used) 	 3.00 
FEED DETAILS 
Number of feeds 
Feed changed at t(ime, w(eight 	 w 
Feed 	Weight(kg) at start 
A 20.29 
B 	 20.21 
C 20.29 
Feed-A Feed-B Feed-C 
Feed cost (/tonne) 140.00 160.00 180.00 
Crude fibre (g/kg) 60.00 50.00 40.00 
Crude protein (g/kg) 150.00 180.00 210.00 
Protein dig. coeff 0.80 0.80 0.80 
Crude lipid content (g/kg) 20.00 27.00 38.00 
Lipid dig. coeff 0.80 0.80 0.80 
Ash (g/kg) 84.00 80.00 80.00 
Moisture (g/kg) 110.00 90.00 100.00 
Digestible energy (MJ/kg) 12.50 13.50 14.00 
Protein value 0.75 0.75 0.75 
OVERHEADS & ThROUGHPUT OF PIG 
Max. no. weaners available to finishing unit/year 	................6000 
Fixed cost for unit (thousands of £/year) 	 ................10.00 
Variable cost (i/pig/year) 	 ................3.00 
PIG DESCRIPTION & WEANER COST 
Sex: e(ntire, f(emale, c(astrate, b(oth e + f, m(ixed c + f 	.................b 
Quality: i(mproved, c(ommercial, u(tility 	 i 
Blockiness coefficient: possible range from Pure Belgian type 1.0 
to Pure Large White 0.0 	 0.00 
Weaner cost (E) 	 22.00 
Start weight (kg): Feed-A: 20.29 Feed-B: 20.21 Feed-C: 20.29 
Fleshiness (0=very poorly fleshed, 10=very well fleshed) ..................5.00 
Fatness (1 = very thin for weight, 10 =very fat for weight) 	..................4.00 
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HOUSING 
Number of houses 
Housing changed at t(ime, w(eight 	 . w 
House 	Weight (kg) at entry Change (degree C)/day 
1 20.29 or 20.21 	 0.00 
HOUSE 1 
Outside temperature (degree C) 	 22.00 
House temperature (degree C) 20.00 
Rate of air movement and degree of insulation . ............... 	3 
Floortypeinlyingarea 	 3 
Number of pens 	 15 
Pigs per pen 40 
Pen empty days between batches 	 7 
Area per pen (square meter) 44.00 
SLAUGHTER 
Program to output results at t(ime or w(eight 	 w 
Number of slaughter points 	 1 
Slaughter..Point Live wt (kg) 
1 	 85.00 
MARKET 
Number of carcass dead weight classifications 
What is the variation in P2(mm) in pigs at slaughter 
h(igh, a(verage, l(ow, v(ery low, or variance in P2 	...................a 
CARCASS DEAD WEIGHT CLASSIFICATION 
Method of payment: f(lat, m(ax P2, l(ean yield 
Minimum weight (kg dead weight) 
Maximum weight (kg dead weight) 
Number of grades 
Grade 	Pay rate 	(p/kg) Max P2 (mm) 
1 105 12 
2 	 100 	 14 
3 95 16 





Table 3.5 The simulation results of the Edinburgh Model Pig V2.1 
EFFICIENCY REPORT Feed-A Feed-B Feed-C 
Pig live weight (kg) 85.49 85.31 85.38 
Days to slaughter 64 62 62 
Feed intake (kg/day) 2.35 2.14 2.10 
Total feed intake (kg) 150.13 132.46 130.19 
Feed intake plus Wastage (kg) 154.78 136.56 134.22 
Daily live weight gain (kg) 1.02 1.05 1.05 
Feed conversion ratio from feed consumed 2.30 2.03 2.00 
Feed conversion ratio from feed used 2.37 2.10 2.06 
BIOLOGICAL REPORT Feed-A Feed-B Feed-C 
Energy cost of maintenance (MJ/day) 4.60 4.77 4.94 
Energy cost of protein deposition (MJ/day) 8.00 8.65 8.67 
Energy cost of fat deposition (MJ/day) 12.75 11.49 11.67 
Protein deposition (g/day) 159.91 173.02 173.30 
Fat deposition (g/day) 227.69 205.19 208.34 
Ash deposition (g/day) 33.64 33.46 33.51 
Water deposition (g/day) 541.60 584.49 585.23 
Total energy for cold thermogenesis (MJ) 0.00 0.00 0.00 
Carcass lean (kg) 33.78 34.39 34.36 
Carcass subcutaneous fat (kg) 10.07 9.33 9.42 
Carcass total dissectible fat (kg) 14.36 13.40 13.52 
Bones in carcass sides (kg) 7.15 6.95 6.97 
Head weight (kg) 5.48 5.49 5.51 
Gut weight (kg) 4.69 4.37 4.07 
Percentage lean in carcass 52.54 53.71 53.58 
CARCASS REPORT Feed-A Feed-B Feed-C 
Carcass weight (kg) 64.29 64.02 64.12 
Killing-out percentage (%) 75.21 75.04 75.10 
Percentage lean in carcass 52.54 53.71 53.58 
Lean meat yield (kg) 33.78 34.39 34.36 
P2(mm) 13.10 11.61 11.78 
Percent pigs in Grade 1 36.68 60.53 57.71 
Percent pigs in Grade 2 29.98 24.50 25.57 
Percent pigs in Grade 3 19.74 10.57 11.60 
Percent pigs in Grade 4 13.60 4.40 5.12 
FINANCIAL REPORT Feed-A Feed-B Feed-C 
Pig places in last house 600 600 600 
Batches per year through last house 5.14 5.29 5.29 
Total pigs through unit/year 3085 3174 3174 
Average price per kg dead weight (p) 99.49 102.06 101.79 
Average value of pig () 63.96 65.34 65.27 
Usage of feed 1 (kg) 154.78 136.56 134.22 
Total feed cost () 21.67 21.85 24.16 
Margin over feed and weaner costs () 20.29 21.49 19.11 
Gross margin per pig () 17.29 18.49 16.11 
Gross margin/year (thousands of £) 53.35 58.68 51.13 
Net margin/year (thousands of £) 43.35 48.68 41.13 
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3.6 Summary 
The interaction of real-life situations are outside the grasp of human comprehension 
and description that this problem may be alleviated by models. The main purpose of 
simulating the responses of pig growth to nutrient supply is not to reproduce the real 
life situation with absolute precision but rather to show the nature of the response and 
the sensitivity of the system to changes in production circumstances. This study has 
introduced some new nutrient concepts into the model pig. The Gompertz function 
has been used to express the change in weight of the pig and its body components in 
relation to time and to predict weight at maturity. The model has been extended to 
include the important weaning period (5 to 20 kg) by improving the prediction of 
voluntary food intake through the effect of ambient temperature, bulk of the diet, and 
stocking density. The concept of compensation theory has been used to predict daily 
protein retention and lipid retention. Using a graphic function, the model has an 
ability to plot three comparative lines of daily biological data. The model indicates 
some limiting factors in terms of diet (protein, energy or ash), environment (cold or 
hot), the situation of food intake control (bulk, allowance or refusal) and 
compensation of protein growth (Appendix 3.2). The event diary (Appendix 3.3) 
shows the daily situations of physical and biological data. The model also predicts the 
proportion of pigs at any specific liveweight that fall into each carcass grade from the 
variation of P2. A data base of carcass and P2 from any individual pig unit can be used 
by the model to create an actual variance in P2. The model links with two commercial 
packages, Lotus 1-2-3 and Harvard Graphics, to display the graphics on the screen or 
by print out with a printer or a plotter. The model also extends pig growth simulation 
from single solution to multiple solutions (simple, complex) at one run and from single 
run to multiple runs at the same time to strengthen the decision-making function (will 
be discussed detailed in Chapter 5). 
Validation of models such as those in this thesis is difficult due to lack of suitable data. 
Whereas there are a substantial numbers of published experiments on the 
performance of pigs under different feeding regimes, offered different diets and with 
varying environmental conditions, in no case are all of the variables given which are 
required as inputs to the modeL It is acknowledged that further validation is desirable 
before the models are used in the commercial situation. 
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Chapter 4 A Factorial Model to Predict Nutrient Utilisation 
by the Breeding Sow 
4.1 Introduction 
The sow has different objectives in pregnancy and in lactation. The objective of the 
sow during pregnancy is to maximise reproductive performance in terms of number, 
weight and composition of piglets born per litter. However the objective during 
lactation is to produce sufficient milk to wean an adequate number of piglets of an 
acceptable body weight, without utilising excessive body reserves that would influence 
subsequent reproductive performance. During pregnancy the sow needs nutrients to 
meet the demands of the developing conceptus and to achieve some gain in maternal 
tissue (Close and Cole, 1986). Feeding the sow properly during lactation is important 
for maximum yield of milk and milk energy, which affects survival of pigs to weaning, 
and for the rebreeding performance of the sow after weaning (Britt, 1986). Generally 
speaking, the prime objective of commercial pig breeding units is the production of 
viable weaners at maximum profit. There are several factors which affect the 
profitability of sow reproduction. They are the initial condition of the sow (intrinsic 
prolificacy and conception rate, liveweight, and P2 at first conception); diet 
composition (nutrient supplies); feeding regimes (ad libitum or constrained feed 
intake); environment (cold or hot); stage of lactation; parity; and management and 
disease. They all affect the potential reproductive productivity, total feed used, total 
feed cost and ultimately performance in terms of piglet birth weight, litter size, piglet 
growth rate, piglet survivability and weaning weight. The profit is further influenced 
by the sale price of weaned pigs and the size of the overheads. These relationships are 
shown in Figure 4.1. 
Simulation modelling has been one of the most effective means to define nutrient 
response, and models have been constructed with some degree of success for growing 
pigs (Whittemore and Fawcett, 1974, 1975, 1976; ARC, 1981; Whittemore, 1983; 
Moughan, 1985, Black et aL, 1986; Moughan et aL, 1987; Moughan, 1989a, 1989b). 
Research on the partition and utilisation of energy and nitrogen, or effect of dietary 
intake on the sow's performance have also been investigated by some researchers 
since 1980 (Wbittemore et aL 1980; ARC, 1981; O'Grady, 1981; Close et aL, 1985; 
Noblet et aL, 1985; Williams et aL, 1985; Van Kempen et aL, 1985; Black et aL, 1986; 
Noblet and Etienne, 1986; 1987a, b; 1989; SCA, 1987; Mullan and Williams, 1988a, b; 
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Eastham et aL, 1988; Whittemore, Smith and Phillips, 1988; Mullan and Close, 1989a, 
b; Mullan and Williams, 1989; Mullan et aL, 1989; Pettigrew, 1989; Whittemore and 
Yang, 1989; Yang et aL, 1989; Noblet et aL, 1990; Speer, 1990; Whittemore and 
Morgan, 1990). However, they all fail to set up an effective model to simulate all the 
necessary elements of the breeding sow system: sow's reproductive performance (litter 
size, piglet birth weight, survivability and weaning weight); sow carcass composition 
change; uterus and mammary gland growth; milk yield; and economic situation. 
Research in sow nutrition has been carried out for more than 10 years at the 
Edinburgh School of Agriculture, and both deductive and empirical algorithms for 
reproductive response have been reviewed and detailed by Whittemore and Morgan 
(1990). But, this review did not attempt a modeL 
In the review of Whittemore and Morgan (1990), the equations suitable for an 
empirical response model were from field trial results of experiments at Edinburgh 
(Eastham et aL, 1988; Whittemore, Smith and Phillips, 1988; Yang et aL, 1989; 
Whittemore and Yang, 1989). However, the empirical model has its limit; it can only 
meet the particular case. A factorial model is more satisfactory than an empirical 
model from the biological point of view and it is thought to be the better method to 
simulate the real life of the animal. Therefore, the purposes of this chapter are to 
build a factorial model to predict nutrient utilisation by the breeding sow and to 
compare the predicted results with experimental data. In order to be consistent with 
the Edinburgh Model Pig, this model is referred to as the Edinburgh Model Sow. 
4.2 The construction of the Edinburgh Model Sow 
Before building the Edinburgh Model Sow, an empirical computer model was built on 
the experiments of Yang et aL (1989) and Whittemore and Yang (1989), and a review 
of Whittemore and Morgan (1990). This empirical model uses experimental equations 
to predict feed intake, change in P2, maternal body weight change in gestation, 
lactation and weaning to conception; and to predict piglet birth weight, litter size, 
piglet growth rate, and weaning weight. Unfortunately this model can not meet the 
actual situation of the sow. It did not predict important components of the sow, such 
as milk yield, daily body composition changes, growth of the uterus and mammary 
gland, and piglet growth from birth to weaning. In order to expand this empirical 
model to be consistent with the practical work, a series of description and assumptions 
were introduced to develop a factorial model. 
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The model sow divides the reproductive cycle into three stages: gestation; lactation 
and weaning to conception interval. In each stage specified diets are allocated 
according to given feeding regimes. The nutrients thus supplied are calculated and 
compared with the energy and protein requirements for maintenance and energy cost 
for cold thermogenesis (if appropriate). In the pregnancy stage the nutrients are 
allocated to the growth of the uterus and mammary gland and in the lactation stage to 
milk production, and the resultant body composition changes of the sow are calculated. 
In addition in the lactation stage the growth of the piglet is simulated and the interval 
between weaning and conception is estimated from information on the nutritional 
status of the sow. 
The difficulties of building such a comprehensive simulation model are: firstly, there 
are so many factors which affect the sow and her performance; secondly, some 
knowledge of the sow's physiological situation are still unknown so that some 
reasonable assumptions must be made; thirdly, no published paper can cover all the 
possible variations; lastly, it could not be predicted if the model could work and work 
well or not. Thus in the development of this model, some concepts and assumptions 
have been modified several times before introducing into the model. Described in the 
following sections are the concepts used to develop this innovatory version of the 
Edinburgh Model Sow computer program. 
43 The initial condition of the sow and sow's body composition at the start of the 
model 
The model must be given adequate information about the initial condition of the sow. 
The model sow asks for genetic quality (improved, commercial or utility) to evaluate 
sow's growth rate parameter and mature sow's total protein mass, genetic prolificacy 
(low, medium, good or excellent) to suggest the score of litter size and scalar to 
evaluate milk yield. Also fundamental to the description of the sow at the start of the 
simulation is the age and P2 backfat depth at first conception. Condition score is used 
to predict P2 backfat depth when P2 at first conception is not known. Whittemore 
(1987) suggested that visual condition score (CS; using a 10-point scale) is well related 
to P2 backfat depth as measured with an ultrasonic probe (USP2): 
USP2 = 2.9CS-0.7 
110 
Whittemore (1987) proposed that a condition score of above average (6/10) should be 
the target for the end of pregnancy, and one below average (4/10) is acceptable at the 
end of lactation. Under normal circumstance these targets can be achieved by 
relatively minor adjustments to feed levels. Sows thinner than 4 or fatter than 6 merit 
special attention. 
ARC (1981) indicated that knowledge of the composition of sows at the start of their 
breeding life is crucial, both to accurate experimentation and to the interpretation of 
the results. Whittemore et aL (1980) suggested that for breeding pigs, starting their 
reproductive life with limited fat reserves (16.4 ±3.0 mm USP2 at 92±6 kg liveweight), 
a conventional fat exploiting feeding regime is unlikely to be appropriate. Whittemore 
and Yang (1989) reported that the weights of chemical lipid (LT, kg) and protein (PT, 
kg) can be predicted from the maternal liveweight (W) and P2 backfat depth. 
LT=-20.4+0.21W+ 1.5(P2) 
PT = -2.3 + 0. 19W-0.22(P2) 
Whittemore and Morgan (1990) suggested that the protein and lipid free liveweight of 
the sow (WPLF) can be computed as: 
WPLF = 8.21PT 789 
This expression allows estimation of all non-protein and non-lipid body components as 
a function of protein mass. 
4.4 The diet 
The model sow requires as input the following details of nutrient composition of the 
diet: crude fibre (CF, kg/kg), crude protein (CP, kg/kg), crude lipid (CL, kg/kg), 
crude ash (ASH, kg/kg), moisture (WATER, kg/kg), DE (MJ/kg), ileal digestibility of 
amino acids (IDIG), utilisation coefficient of digested amino acids (UTIL), protein 
digestibility coefficient (COB), essential amino acids (AA, kg/kg) and feed price 
(COST, £/tonne). If DE is not known, an equation given by Batterham (1990) is used 
to predict ME content of the food. 
NFE= 1-(CF+CP+CL+ASH+WATER) 
ME(MJ/kg)= 18CP+31.5CL-14.9CF+ 16.3NFB 
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where NFE is nitrogen-free extractives of the food (kg/kg). Digested protein content 
of the food (DCPC, kg/kg) can be derived from crude protein and its digestibility 
coefficient (COE) (Whittemore, 1983). 
DCPC = (COE)(CP) 
The calculation for the derivation of ME from DE was given by ARC (1981) for a 
cereal diet of 160 g CP/kg simplistically as: ME = 0.96DE. However, Filmer and 
Curran (1977) suggested that it is important to take the protein content of the diet 
into account and to calculate the ME of the diet from a knowledge of the DE intake 
and the protein deaminated. NRC (1988) summarised that the quality and quantity of 
protein in the diet may affect the relationship between ME and DE and proposed an 
estimate of ME from: 
ME = (DE)(0.96-(0.00202 % of crude protein)) 
ME decreases if protein is of poor quality. ME also decreases with excess protein 
because the amino acids not used for protein synthesis are catabolised and used as a 
source of energy, and the nitrogen is excreted as urea. ARC (1981) also indicated that 
the relationship of ME to DE is significantly affected by the protein content of the 
diet. 
ME = (DE)(1.012-(0.0019 % of CP)) 
ME=(DE)(0.997-(0.00189 % of CP)) 
The relationship of ME to DE is also affected by the combustible gases produced. 
Emmans (1990b) suggested that the urinary energy of protein catabolised is 5.63 
MJ/kg. Thus, ME can be estimated by subtracting the urinary energy of protein 
catabolised in DCPC from DE. 
DE = ME + 5.63DCPC 	 or as input 
The reasons for using ileal digestibility and utilisation of protein and amino acids have 
been discussed in detail in Chapter 2. In this model, if the diet is based on the 
ingredient formulation, a data base of ileal digestibility of protein and essential amino 
acids with utilisation of 0.85 (Whittemore and Morgan, 1990) is used for most 
ingredients. If the diet ingredient composition is unknown, a level (high, medium and 
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low) is used to set up ileal digestibility and utilisation of protein and amino acids 
(Table 4.1). In the calculation of total utilisable protein and deaminated protein, the 
first step is to calculate digestible and utilisable amino content (AAA(i)) which is 
calculated from diet amino acid content (AA(i)), ileal digestibility (]DIG(i)) and 
utilisation (UTIL(i)). 
AAA(i) =AA(i)(IDIG(i))(U11L(i)) 
The next step is to compare digestible and utilisable amino acid profile with ideal 
protein profile required to meet endogenous and production. Then non-utilisable 
amino acids, or excess above production potential, are deaminated. 
Table 4.1 The flea! digestibility (IDIG) and utilisation (UTIL) of unknown diets of 
high. medium or low civalitv  
High Medium Low 
Amino acid (AA) IDIG UTIL IDIG UTIL IDIG UTIL 
Histidine 0.80 0.875 0.75 0.85 0.70 0.825 
Isoleucine 0.80 0.875 0.75 0.85 0.70 0.825 
Leucine 0.80 0.875 0.75 0.85 0.70 0.825 
Lysine 0.80 0.875 0.75 0.85 0.70 0.825 
Methionine + Cystine 0.80 0.875 0.75 0.85 0.70 0.825 
Phenyla!anine+Tyrosine 0.80 0.875 0.75 0.85 0.70 0.825 
Threonine 0.76 0.875 0.71 0.85 0.67 0.825 
Tryptophan 0.76 0.875 0.71 0.85 0.67 0.825 
Valine 0.80 0.875 0.75 0.85 0.70 0.825 
Nonessential amino acid 0.80 0.875 0.75 0.85 0.70 0.825 
Crude protein 0.80 0.875 0.75 0.85 0.70 0.825 
The detailed algorithm for the ileal digestible amino acid can be described as follows: 
Utilisab!e amino acids is summation of digestible and utilisab!e amino acid content 
(SUMAAA kg/kg): 
SUMAAA = 0 
FOR 1=1 TO 10 
AAA(i) = (AA(i))(IDIG(i))(UTIL(i))/ 1000 
SUMAAA = SUMAAA + AAA(i) 
NEXT I 
WF= minimum value of AAA(i)/BAL(i) 
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The total ideal or balanced protein that can be used is the minimum value of 
AAA(i)/BAL(i), and this is 1FF (total utilisable ideal protein from feed eaten, kg/kg), 
where BAL(i) is the concentration of amino acid(i) in tissue protein spectrum (g/kg) 
shown in Table 4.2. 
Table 4.2 The values of the concentration of amino 
acid(i) in tissue protein spectrum (g/kg) (interpolated 











Nonessential amino acid 576 
Therefore, daily utilisable ideal protein intake from the food can be derived: 
(IPT)(FI). The remainder of the amino acids is deaminated along with the 
unutilisable fraction (UNUTIL, kg/kg). 
UNUTIL = 0 
FOR 1=1 TO 10 
UNUTIL= UNUTIL+AA(i)(IDIG(i))(1-UTIL(i))/1000 
NEXF I 
43 Feed intake 
The model sets up three options to determine the feed intake in gestation: (i) 
predicted feed intake, (ii) constant allowance or increment weekly, (iii) valying weekly 
rations. Similarly, two options were set up to determine the feed intake in lactation 
and weaning to conception interval: (i) predicted feed intake, (ii) constant allowance 
or increment daily. Predicted feed intake is determined by the sow's physiological 
demand, performance and the effect of the environment. The reason of no prediction 
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according to maximum limits to gut fill in lactation is lactating sows, not restricted with 
heat etc, and with large litters and losing fat will eat to the maximum of gut capacity. 
Feeding the sows during pregnancy should be based on requirements for optimal 
development of the sow and her foetuses. The young sow should therefore receive 
sufficient feed to enable her to grow to mature size. Adequate feeding should prevent 
sows from growing extremely fat or on the other hand developing the thin sow 
syndrome. Verstegen et aL (1971) found that 2.5 to 2.75 kg/day feed were required to 
maintain energy equilibrium up to 2-3 weeks before parturition; thereafter 3 kg feed 
daily were required. O'Grady (1967) reported that for guts, low levels of feed (1.36 
kg/thy) during pregnancy reduced piglet weight at birth and weaning compared with 
2.72 kg/day. Changing the feed allowance to give gilts more feed at the beginning and 
end of pregnancy and less feed in the middle, had no significant effect on number of 
piglets born and weaned when the total amount of feed given in pregnancy was 
equivalent to 2.72 kg/day. Parker and Clawson (1967) compared sows which received 
the same total amount of feed over the whole reproductive cycle; those which received 
the least feed in pregnancy and the most in lactation gained least liveweight over the 
whole cycle, but were the most efficient as far as energy utilisation was concerned. 
Baker et aL (1969) found that as gestation diet intake increased, weight gain of gilts 
increased quadratically during gestation but decreased linearly during lactation. 
Elsley et aL (1969) made a coordinated experiment at eight research centres and found 
that sow liveweight gains in pregnancy were directly related to feed intake; in lactation, 
losses in sow liveweight were dependent upon gains made in the previous pregnancy 
and on the level fed while suckling. After the first parity, in which animals fed the low 
level in pregnancy tended to produce larger litters (though the difference was not 
significant), there were no differences in numbers born attributable to treatment. 
Increases in the feed intake of sows in pregnancy resulted in consistent, significant but 
veiy small increases in the weight of the piglets at birth. However, the level of feeding 
in lactation had much less influence on weaning weights of pigs. Elsley et aL (1971) 
coordinated seven research centres in an experiment involving 154 sows and concluded 
that the pattern of feeding during pregnancy was less important than the total amount 
of feed given; this was based on the allocation over the pregnancy of 220 kg feed 
(average 1.9 kg/day) according to four patterns of intake designated constant, low-
high, high-low and high-low-high. Adam (1972) found that primiparous saws on the 
low-high all-meal feeding pattern gained more net weight in pregnancy, but lost more 
weight in lactation and weaned heavier litters than control gilts on the high-low 
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pattern. Greenhaigh et aL (1977, 1980) reported that saws given more protein during 
gestation gained more weight in gestation, but lost more weight in lactation. In the 
experiment of Whittemore et aL (1984) and Whittemore, Smith and Phillips (1988), 
saws on the high level of pregnancy feeding (2.3 kg/day) were heavier and fatter pre-
partum but lost both more weight and more backfat during lactation than saws on the 
low level of feeding (1.7 kg/day) in pregnancy. Level of feeding in pregnancy did not 
influence the number of live births in the litter nor their total liveweight, whilst total 
litter weight at weaning was positively related to the weight and fatness of the sow at 
parturition and her subsequent rate of weight and fat loss during lactation. This 
conclusion is consistent with many others (Lodge et aL, 1961; Lodge, 1969; Hillyer, 
1980; Walker, 1983; Harker and Cole, 1984; Lee and Mitchell, 1984; Harker and Cole, 
1985; Lee and Close, 1986). 
The saw feeding during lactation should be based primarily on requirements for 
maintenance and milk production, although consequential changes in sow body fat and 
protein contents must also be accommodated somewhere in the overall feeding cycle. 
NRC (1987) concluded that milk production has a high priority, and if nutrient intake 
is restricted, the saw will draw on body tissue in an attempt to maintain milk 
production. Eastham et aL (1988) reported that litter weight at weaning was positively 
related to sow daily food allowance in lactation, but the major benefit of increasing 
lactation food allowance was in reducing the rate of maternal body weight and fatty 
tissue loss. These effects were described by the equations: maternal liveweight change 
in lactation (kg/day)=-1.7+ 0.34 lactation feed intake (kg/day); maternal backfat 
change (mm) in lactation = -0.40 + 0.05 lactation feed intake (kg/day). Greenhalgh et 
aL (1980) reported that giving more protein in lactation caused linear increases in 
piglet weights at 3 and 6 weeks, and a linear reduction in creep feed consumption. 
Extra protein for lactating saws also reduced their liveweight loss in lactation, but this 
effect was partially counter-balanced by smaller gains in gestation. The economic 
optimum protein level was considered to be >150 g/kg for lactation diets. Sows given 
the higher food allowances in late pregnancy made the greater gains in weight and P2 
fat thickness during this period and greater losses in the subsequent lactation (Harker 
and Cole, 1984). Libal and Wahlstrom (1975) found that feed intake of the saw over a 
21-day lactation did not influence number of pigs, average piglet weight or average 
litter weight at the end of that period. Neissen et aL (1985) reported that saw weight 
and backlat loss during a 28-day lactation decreased linearly (P<.001) as energy intake 
increased from 41.84 to 58.58 MJ ME per sow per day. 
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Dyck (1972) compared the effects of 2.25 and 3.75 kg feed daily at weaning and found 
that withholding feed on the day of weaning had no effect on remating. Brooks et aL 
(1975) used 176 multiparous sows at three different centres and gave 1.8,2.3,3.6 or 4.5 
kg feed/day. Post-weaning feed level did not affect reproductive performance. In 
contrast to these experiments on multiparous sows, Brooks and Cole (1972) found that 
increasing the feed intake of sows, which had just been separated from their first litter, 
from 1.8 to 3.6 kg/day appeared to increase the number of piglets born and reduce 
infertility (those sows which did not conceive by the 14th day after weaning). ARC 
(1981) concluded that within the range 1.8 to 4.5 kg/day the level of feeding in the 
period from weaning to remating has no effect on the number and weight of piglets 
born, except perhaps for primiparous sows. 
Extra protein for either gestation or lactation had a positive effect on sow weight at 
that stage, but a negative effect in the following stage (Greenhalgh, 1977). From a 
study of Johnston et aL (1986), feeding a high energy diet continuously throughout the 
lactation (66.95 MJ MB/day) and rebreeding phases (40.21 MJ ME/day) in 
primiparous sows may lengthen the postweaning interval to oestrus (7 days more) than 
sows receiving a low energy diet during 28-day lactation (52.3 MJ ME/day) and 
rebreeding phase (23.18 MJ ME/day). Neither protein intake nor energy intake 
during lactation affected subsequent ovulation rate, but piglets sucking sows given high 
protein intake grew faster, particularly during the last week of lactation, than piglets 
sucking sows receiving low protein intake (King and Dunkin, 1986b). The increase of 
feed intake of about 0.2 kg per piglet per day described by Lynch (1989) was less than 
half the requirement of 0.5 to 0.6 kg/day (ME content 12.55 MJ/kg) per extra piglet 
estimated by Verstegen et aL (1985) from energy balance studies. Sahnon-Legagneur 
and Rerat (1962) concluded that sows fed liberally during pregnancy have lower feed 
intakes, greater weight losses and higher milk yields in lactation. Mullan and Williams 
(1989) showed that when the level of body reserves was increased prior to farrowing 
(171 kg liveweight, 32 mm backfat), sows had a lower voluntaiy feed intake during 
lactation than those animals that farrowed with a low level of body reserves (126 kg 
liveweight, 20 mm backfat). 
Lodge et aL (1966a, b) found that giving 1.36 kg feed/day compared with 2.72 kg did 
not significantly affect the number of piglets born or the weights at birth or weaning. 
Elsley (1968) and Elsley et aL (1968) concluded that feeding level did not influence the 
number of pigs born, although there was a tendency for higher intakes in pregnancy to 
reduce litter size in the first gestation. The level of feeding given to sows in the first 
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lactation also had no effect on the size or weight of piglets produced at the end of the 
second pregnancy. However, the feeding level in pregnancy in the first two parities 
had a consistent and highly significant effect on piglet weight at birth and at weaning. 
Many reports showed responses in birth weight and in numbers born to changes in 
energy intake within the range 1.36 to 3 kg/day (Frobish et aL, 1966; Mayrose et aL, 
1966; Baker et aL, 1969; Adam and Shearer, 1975; HoveIl et aL, 1977a, b). Some 
workers reported adverse effects of increasing energy intake on the litter size. Lthal 
and Wahlstrom (1977) reported a significant decrease in number of live piglets born as 
energy levels increased from 16.74 to 29.29 MJ of ME. They also indicated that 
increased gestation gain resulted in more stillbirths. Frobish and Steele (1970) found 
that sows given between 12.55 and 29.29 MJ daily (about 1.1-2.6 kg food/day) which a 
increase of 11.3 MJ ME in daily energy intake resulted in one less pig born alive. 
Frobish et aL (1973) concluded that the greatest number of piglets were born alive 
when the daily intake of energy was about 25 MJ ME (about 2.2 kg feed). A similar 
result was reported by Buitrago et aL (1966). 
NRC (1987) summarised that the average feed intake of gilts was 0.85 of that for sows, 
4.36 compared with 5.17 kg/day respectively, but commented on the great variability 
between estimates which reflects the multitude of factors that can influence feed 
intake. From limited experimentation it was suggested that the change in energy 
intake with time after farrowing (t, days) was best estimated as DE (MJ/day) = 56.066 
+ 2.494t - 0.072t2 with the relationship being valid for lactation periods of 28 days or 
less. It is obviously desirable to feed pregnant sows according to their body condition 
so that both under and over feeding are avoided and all sows attain the same target 
body condition at farrowing (English et aL, 1977). Thus, individual feeding according 
to sow's condition for most of pregnancy is very desirable. In the prediction of feed 
intake, for sows during pregnancy and weaning to conception, the model assumes that 
sow's feed intake is affected by the metabolic body weight and the body tissue reserves 
in terms of the ratio of lipid mass (LT) to protein mass (PT) (Whittemore, personal 
communication). The predicted feed intake is thus calculated as follows: 
v1=0.11w075 	 if LT<PT 
FI=o.1w0•75 if PT<=LT<1.3PT 
FI=0.09W° 75 	 if 13PT< =LT< 1.8FF 
FI=0.08W° 75 if LT> =1.8PT 
it will be improved by using the following equation: 
FL = (0. 163-0.0705LT/PT+ 0.0149(LT/PT) 2)Wo.75 	 R2 = 0.893 
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English et al. (1977) indicated that food requirements by the sow during lactation 
depend on the number of piglets being suckled as a greater number of piglets in the 
litter will stimulate greater milk output from the sow. Requirements will also vary 
according to the size and milking ability of the sow and on the temperature level in the 
house. Thus, for lactating sows, it is assumed that sow's feed intake is affected by the 
metabolic body weight and the number of piglet born (LS) and can be predicted as 
follows (Whittemore, personal communication): 
FL = o. iwo.75 
F! = 0.11W0 .75 
FL = 0. 12W° 75 
Fl = 0. 13W° 75 
F! = 0. 14W° 75 
if LS<6 
if 6< = LS <7 
if 7< = IS <8 
if LS=8 
if LS>8 
it will be improved by using the following equation: 
Fl= (0.101-0.00354LS+ 0.000839LS 2)W075 	 R2 = 0.897 
4.6 The housing environment 
The sow's housing environment, particularly in ambient temperature, air movement, 
floor type and quality; will affect the feed intake and then influence the sow and her 
reproductive performance. O'Grady (1981) concluded that high farrowing-house 
temperature reduced feed intake of sows, increased sow weight loss and decreased 
weaning weight of piglets. However, a pregnant sow maintained at 50C (i.e. 
approximately 150C below the thermoneutral zone) can be expected to require about 
0.75 kg extra feed per day to meet the climatic energy demand. Geuyen et aL (1984) 
studied the effect of ambient temperature on metabolic rate of pregnant sows and 
found that average daily liveweight gain was greater in the group-housed sows than 
that in individually-housed sows. Extra daily thermoregulatoiy demand was 7.5 kJ/°C 
in group- and 13.7 kJ/°C in individually-housed sows. O'Grady et al. (1985) reported 
that higher farrowing house temperatures were associated with lower intakes resulting 
in sows farrowing in July eating 10% less than sows farrowing in mid-winter. 
Verstegen and Curtis (1988) reported that the sow's lower critical temperature was 
affected by state of pregnancy; in late pregnancy it was 1.6 to 2.6 0C lower than in early 
pregnancy. This is the result of heat of pregnancy. Smith (1959a) proposed that sow's 
milk energy production was more efficient in the spring than the summer, while the 
efficiency of feed conversion by the litters was higher in the summer than in the spring 
and suggested that temperature is conducive to efficient litter growth but is 
antagonistic to efficient milk production. Holmes and Close (1977) calculated that 
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sows fed at about maintenance level may have a lower critical temperature (TC) of 
about 200C. Verstegen et aL (1987) reviewed various sources and also suggested for 
sows housed individually that TC is around 20 0C. TC is dependent upon heat 
production which in turn is dependent upon feed intake and metabolisable energy 
intake (Close et aL, 1971; Close and Mount, 1978; Close and Stanier, 1984a, b). 
According to a review of Close (1980), Whittemore and Morgan (1990) suggested that 
an increased intake of 0.08 MJ/liveweight 0.75 per day above maintenance would 
decrease TC by 1°C: 
TC = 20-(MEI/Wth75 EM/W 75)/0.08 
Holmes and Close (1977) suggested that for thin sows the mean increase in ME intake 
required to reduce TC by 1 0 was 86 kJ/W0.75 per day, whereas for fat sows it was 72 
kJ/w° 75 per day. Bruce and Clark (1979) developed a deterministic model for heat 
production of growing pigs below their critical temperature; the model variables are 
air temperature, air velocity, floor type, liveweight, and group size. Close (1980) 
indicated that some other environmental conditions such as changes in the rate of air 
movement, radiant temperature and floor insulation could influence the relation 
between ME intake and TC and should be taken into account when assessing the 
optimum environmental conditions under different housing and management systems. 
In the model, the environmental temperature in terms of effective temperature (TB) is 
modified from house temperature (TH), rate of air movement and degree of 
insulation (yE), and floor type in lying area (VL) as set up in the Edinburgh Model 
Pig. 
TB = (TH)(VE)(VL) 
Below the lower critical temperature (TC), the extra thermoregulatory heat is needed 
by the animal and the animal eats more food to meet this demand. ARC (1981) 
expressed the energy cost of cold thermogenesis (EH1) as 0.018 MJ ME/W 0.75 per 
°C. 
EH1 = 0.018W 75(TC-Th) 	 where EH1> = 0 
In order to compensate the cold stress, the animal needs more food and feed intake 
therefore reaches a level predicted by the following equation, except when other 
factors (i.e. bulky food or constrained feed intake) inhibit it. 
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FI=(MEI+EH1)/ME 	 if TC>TE 
where ME! is effective ME intake. Within and above the zone of thermoneutrality 
there is no extra thermoregulatory heat demanded of the animal and the heat 
associated with the processes of metabolism has to be dissipated. Close (1980) 
indicated that the higher the plane of nutrition given, the higher the mean rate of heat 
produced. At temperatures above upper critical temperature, the pig needs to reduce 
heat output to balance the heat stress and therefore feed intake must be reduced 
(ARC, 1981). Lynch (1977) exposed sows to an air temperature of 27 0C or 210C at 
75% relative humidity from day 110 of pregnancy to weaning at 31 days postpartum 
and found that sows at the higher temperature had higher rectal temperature and 
respiration rate, ate less feed and lost more weight in lactation. Lynch (1977) and 
Stansbury et aL (1987) showed that each 10C increase in temperature above 21 and 
180C reduced feed intake by approximately 0.1 and 0.2 kg/day respectively, with 
concomitant effect upon both the liveweight loss of the sow and the growth rate of the 
piglets. The reduced performance of the piglets resulted from the reduced milk yield 
of the sow and these effects illustrate the complexity of assessing and arranging the 
environment within the farrowing house to meet the needs of both the sow and piglets. 
From the data of Sugahara et aL (1970), Nichols et aL (1980) and Smith et aL (1988), 
Whittemore and Morgan (1990) estimated a reduction of 0.001 kg feed intake per kg 
liveweight per °C above lower critical temperature. 
FI=FI-0.001W(TE-TC) 	 if TC<TE 
4.7 Estimation of litter size 
Dyck and Cole (1986) concluded that restriction of nutrient intake early in pregnancy 
is not a critical factor affecting litter size and weight at birth or weaning in the 
multiparous sow. Frobish et aL (1966) fed sows 45.19 or 22.59 MJ ME per sow daily 
during gestation and found no significant effect on litter size, but sows fed 364 g CP 
per day during gestation weaned more pigs than those fed 182 g CP per day. Frobish 
and Steele (1970) gave gestating sows 12.55, 18.83, 25.10 or 31.38 MJ of ME daily and 
found that number of total pigs and live pigs farrowed per litter did not differ 
significantly between energy intakes. However, in a later experiment, Frobish et aL 
(1973) used the same design but more gilts and reported total pigs farrowed per litter 
decreased (P <0.05) in a linear manner with increasing energy intake but live pigs 
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farrowed per litter was not significantly different among dietary treatment groups. 
Brendemuhl et aL (1987) gave primiparous lactating sows 33.47 or 66.95 MJ ME per 
sow per day and found that energy intake had no effect on litter size or weight. 
Brooks et aL (1972) and Lodge and Hardy (1968) suggested that increasing the feed 
from 1.8 kg to 3.6 kg on the day of mating significantly increased ovulation rates and 
litter size. An increase in feed from 1.4 kg to 4.1 kg after onset of oestrus significantly 
increased the mean number of corpora lutea from 12.14 to 14.71. However, Heap et 
aL (1967) found no significant effect on the number of normal embryos or their 
survival when sows were given 1.36 kg, 2.72 kg or 4.08 kg/day. Cooper et aL (1973) 
also reported that when the daily feed intake of gilts was reduced from 1.8 to 1.4 kg, 
there was no significant difference in numbers of corpora lutea or embryos at 20 days 
of gestation. Pike and Boaz (1972) investigated the effects of energy intake on sows 
and found that thin sows on a low energy intake produced 10.0 foetuses against 13.5 
for fat sows, indicating that when the sow is in poor condition at service, body reserves 
being depleted, the uterus and its contents become more vulnerable to adverse 
pregnancy nutrition. O'Grady (1981) summarised that reproductive performance in 
terms of number, weight and composition of piglets born per litter is maximized when 
the sow was given a daily allowance of 140-180 g crude protein during pregnancy. 
Hitchcock et aL (1971) reported that feed intake of the dam during lactation did not 
influence number of pigs at 21 or 49 days of age, percentage weaned per litter, litter 
weights or average pig weights at 21 or 49 days of age. O'Grady (1981) suggested that 
120 g crude protein/kg in lactation is adequate for maximum litter performance, 
where this is combined with 5-6 g lysine/kg in the diet. However, Greenhalgh et aL 
(1977) reported that 130 g crude protein/kg and 6 g lysine/kg as the optimum. King 
and Williams (1984a, b) reported that ovulation rate, subsequent litter size and 
embryonic mortality were not significantly affected by feeding level during lactation. 
it is generally accepted that litter size is influenced by the breed, and even in the same 
breed there is still great variation among the individuals. In the model, it is suggested 
that litter size of the sow is dependent upon the sow's prolificacy in terms of low, 
medium, good and excellent as input; the values of different prolificacy are listed in 
Table 4.3. 
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Table 4.3 The score of litter size and scalar to evaluate potential milk yield (A) at 
different prolificacy (Whittemore, unpublished) 
Sow prolificacy low medium good excellent 
litter size 9 11 12 13 
A 18 18 24 24 
In addition to the sow's reproductive potential, O'Grady (1967) reported that parity 
significantly influenced performance, number of piglets born and weaned, and that 
litter weight at birth and weaning increased from first to third parity. Black et aL 
(1986) observed from commercial piggeries in Australia that litter size increases with 
sow parity to reach a peak at the sixth parity, and is a characteristic of genotype 
and/or environment. In the experiment of Petherick and Blackshaw (1989), sows of 
parity 7 and over had significantly fewer live born and more stillborn piglets compared 
with parities 2 to 6. The litter size in the model is therefore adjusted by the parity and 
is suggested as Table 4.4. 
Table 4.4 Adjustment of the litter size according to parity (Whittemore, unpublished) 
Parity 	1 	2 	3 	4 	5 	6 	7 	8 
Factor -1 -0.5 0 +0.5 +1 +0.5 0 -1 
Britt (1986) indicated that number of pigs produced per sow per year is dependent 
upon the number of pigs born alive, the number that survive to weaning and the 
interval between consecutive farrowings for the sow. Feeding and management of the 
sow during late gestation affects birth weight and amount of energy stored as glycogen 
and lipid in the piglet. Piglets that are heavier and that have more energy stores have 
a higher survival rate. Bereskin et aL (1973) analysed the relative contributions of 
different factors to variation in survival rates of pigs. In gilt litters these were: station 
or farm, 0.06; year-season of farrow, 0.09; station x year-season interaction, 0.05; birth 
weight of pig, 0.08; sex of pig, 0.01; number born alive and inbreeding of litter, each 
0.005; unidentified factors, 0.70. Hall et al. (1984) reported that survival to 21 day of 
pigs in 20 weight groups of 100 g each ranged from 0.077 for pigs weighing <0.5 kg at 
birth to 0.973 for pigs weighing >2.3 kg at birth, and described by the quadratic 
function: 
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SURVE=(144WB-36.6WB2-42.02)/100 	 where 0< =SURVE< = 1 
where SURVE is piglet survivability, WB is piglet birth weight (kg). In addition, the 
piglets' survival depends to a great deal on the milk supply (Moser, 1983). Addition of 
fat to the diet was thought to improve the chances of survival of piglets. In general, an 
increase of fat content in colostrum and milk of sows is expected when fat has been 
added to the diet during late pregnancy (Moser, 1983). The number of pigs that 
survive to weaning is also affected by the management. The model sets a management 
factor in term of protection score and disease challenge to adjust the litter size. Piglets 
crushed from inadequate protection and piglets lost from disease are given in Table 
4.5 and 4.6. 
Table 4.5 Determine degree of piglet protection from crushing (Whittemore, 
unpublished) 
Protection score 1 2 3 4 5 
Piglets crushed per litter 2.5 2.0 1.5 1.0 0.5 
Table 4.6 Determine degree of piglet disease challenge (Whittemore, unpublished) 
Disease challenge score 	1 	2 	3 	4 	5 
Piglets lost from disease 0.5 1.0 1.5 2.0 2.5 
The number of piglets alive is therefore adjusted by the survivability, piglets crushed 
per litter (PCRU) and piglets lost from disease (PLOST). 
LS = (LS)(SURVE)-PCRU-PLOST 
4.8 Potential growth of the sow and piglet 
In the Edinburgh Model Pig, a Gompertz function was used to express the change in 
weight of the pig and its body components in relation to time and to predict weight at 
maturity. This concept can be now introduced into the model sow. 
PRM = (B)(PT)log(VFM/PT) 
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where PRM is maximum protein retention of the sow (kg/day). B is a growth rate 
parameter depending upon the inherent ability to grow and it is suggested that 
B=0.0135 for improved; 0.0130 for commercial and 0.0125 for utility sows, PT is sow's 
protein mass (kg), PTM is mature sow's total protein mass (kg) and suggested values 
are 37.5, 35.0 and 32.5 for improved, commercial and utility sows respectively, as used 
for female pigs in the Edinburgh Model Pig. Williams et aL (1985) indicated that 
nitrogen retention increases after birth, reaches a maximum value between 30 and 100 
kg body weight and then begins to decline, approaching zero when mature body weight 
has been reached. They suggested the value of 340 kg to represent the mature body 
weight of a modern sow at zero nitrogen retention. This value is higher than that from 
Whittemore and Morgan (1990) who chose 300 kg as the mature body weight. 
Whittemore and Morgan (1990) reported that daily piglet gain (PIGDG, kg/day) for 
fully healthy and vigorous piglets can be given by 
PIGDG = (B)(WM)eThMPlog(WM/((WM)eThMP)) 
where WM is the mature body weight and can be taken as 300 kg, and TEMP is a 
temporal value which can be calculated by 
TEMP = e (A1T)) 
in which AGE is the day of piglet age, TSTAR is the point of maximum growth rate. 
TSTAR = log(-log(WB/WM))/B 
where WB is piglet birth weight (kg). 
4.9 Simulation of nutrient utilisation by the pregnant sow 
During pregnancy sows should be given a sufficient amount of energy and other 
nutrients to meet the requirements for foetal and maternal development in addition to 
maintenance requirement. Moreover sows should not mobilise too much stored 
nutrients to meet requirements of the growing conceptus. In order to predict the 
nutrient requirements throughout pregnancy, it is necessary to know the changes 
which occur in both the reproductive and maternal tissue. Close et aL (1985) showed 
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that at a feed intake of 1.8 kg/day (20 MJ ME/day) some 61 g fat/day were being 
mobilised from maternal body reserves in the later stages of gestation (at day 98), 
whereas at a feed intake of 2.5 kg/day (30 MJ ME/day) the sow remained in positive 
energy and fat balance throughout pregnancy. As the animals were in negative fat 
balance from day 87 onwards, and assuming a linear increase with time in the rate of 
mobilisation, it was calculated that the rate of fat catabolism from the maternal body 
at term would be 140 g/day. Williams et aL (1985) concluded that the accretion of fat 
and protein in both the conceptus and maternal tissue depends upon nutrient supply 
and the priority for tissue deposition. They indicated that the needs of the conceptus 
tissue in early gestation are small and nutrients are predominantly deposited in the 
maternal tissue. In late gestation, most nutrients are directed towards the conceptus 
tissue since its maximum rate of growth and development occurs at this stage. 
4.9.1 Protein requirement and protein retention (PR) 
Elsley and MacPherson (1972) concluded that the major facts which emerge 
concerning nitrogen retention in pregnancy are: (i) nitrogen retention is increased by 
the state of pregnancy; (ii) nitrogen retention increases during the course of pregnancy 
providing that sufficient energy is available; (iii) nitrogen retention is dependent upon 
the quality of the protein fed. ARC (1981) summarised that gilts mated for the first 
time at 105 to 120 kg have not attained final mature weight, and have the capacity for 
considerable growth in addition to uterine deposition, if sufficient nutrients are 
supplied. Therefore, estimates of protein intake for maximum N retention are greatly 
in excess of those required for pregnancy itself. In circumstances where growth of the 
sow is intended, the protein and amino acid requirements will more closely resemble 
those required for the later stages of growth in the female pig than those for piglets or 
young pigs. Williams et aL (1985) reported that maximum nitrogen retention in gilts 
increases from 14 g/day at day 30 of gestation up to 18 g/day at day 110. Two-thirds 
of this increase was accounted for by nitrogen retention within the gravid uterus. 
ARC (1981) indicated that the estimation of the requirement for pregnancy alone, 
using N deposition as the response criterion, must include deposition of N in the 
uterus and its contents and in the mammary gland. Moustgaard (1962) expressed the 
total nitrogen deposition in the pregnant uterus (Wn) as an exponential function of 
time from conception: Wn=9.80.031t; where t is time from conception. the 
exponential 0.031 indicates the relative increase of nitrogen content in the pregnant 
uterus from one day to the next. Black et aL (1986) used the results given by 
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Moustgarrd (1962) and predicted potential conceptus weight from day of gestation (t, 
day) with a correction for litter size, whereas Noblet et aL (1985) presented a detailed 
analysis of the progressive increase in weight, total energy and protein energy in the 
foetus, placenta, fluids and uterus of the sow given 30 MJ/day in pregnancy. 
Whittemore and Morgan (1990) derived the following equation from Noblet et aL 
(1985) for estimating daily net protein requirements for the total gravid uterus 
(PRUT, kg/day) and mammaiy gland (PRMAM, kg/day). 
PRUT = (3.606e0.026PGN)/ 1000 
PRMAM = (0.038e0.059E)/1000 
where PREGN is the stage of pregnancy (day). The protein requirement for 
maintenance is that amount of protein needed to replace the obligatory losses from 
the body which consist mainly of integumentary protein and of various end products of 
nitrogen metabolism lost in the urine. Carr et aL (1977) concluded that the obligatory 
loss of pigs could be estimated from the animal's weight (W, kg) by the expression: 
0.15 g N/kg W0 (or 0.94 g protein/kg W075). Whittemore et aL (1978) suggested 
1.3W° 75 and Whittemore and Fawcett (1976) used a higher estimate: 0.004 protein 
mass (kg) as ideal protein requirements for maintenance (PM, kg/day). The later 
equation was also suggested by Whittemore and Morgan (1990) by the comparison 
with other literature. During pregnancy it is also suggested that when the protein 
requirements for maintenance are to be assessed, the protein growth of uterus and 
mammary gland must be evaluated at the same time. Therefore, protein retention 
could be derived from total utilisable ideal protein contents of the food (IPT, kg/kg) 
and feed intake (Fl, kg/day) by taking away PM, PRUT and PRMAM. 
PM = 0.004(PT+ PTUT+ PTMAM) 
PR=(LPT)(FI)-(PM+PRUT+PRMAM) 	where PR< =PRM 
it is not clear that the sow can gain her protein at PRM or PR is constrained to get 
more lipid retention (LR). The model assumes that the protein retention of the sow 
can not exceed maximum protein retention (PRM, kg/day). 
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4.9.2 Energy requirement and lipid retention (LR) 
Total energy requirements during pregnancy depend on maintenance, requirements 
for pregnancy, and maternal gain. Thus the weight development of the sow should be 
adequate for optimum reproductive performance and also for longevity. Lodge (1972) 
summarised that pregnancy increases heat output, and therefore energy requirement 
for maintenance, by about 3040%; approximately half of the heat increment may be 
explained by normal processes of intra-uterine tissue growth and the remaining 
increased heat output must be attributable to the support of foetal metabolism and 
increase in maternal maintenance as a result of pregnancy. Close et aL (1985) 
estimated the energy requirement for the maintenance (EM) and efficiencies of 
protein (k.) and fat (k1) deposition and found there was little difference in EM (422 
and 420 kJ ME/kg liveweight075 per day) and kf (0.88 and 0.90) between the 
pregnant and non-pregnant sow respectively. However, the pregnant sow had a higher 
k (0.69 compared with 0.49 for controls) and this reflected the higher rates of protein 
deposition associated with pregnancy. Noblet et aL (1990) used 439 kJ ME/kg 
liveweight0.75 as the daily requirements for maintenance at thermoneutrality in 
pregnant sows. Hovell et al. (1977c) reported that. the average maintenance 
requirement for guts was 530 kJ/kg liveweight 0.85 per day, and the average efficiency 
of utilisation of ME for energy retention was 0.585. Noblet et aL (1985) indicated that 
the energy content of the empty uterus in early pregnancy represented 0.5 of the total 
energy. However, the exponential growth of the foetuses resulted in foetal energy 
increasing from 0.12 at day 50 to 0.54 and 0.69 at days 90 and 110 respectively. Thus 
the energy content of the total gravid uterus changed with increase in stage of 
gestation. Whittemore and Morgan (1990) derived the following equation to estimate 
daily net requirements for the total gravid uterus (BUT, MJ/day) and mammary gland 
(EMAM, MJ/day), and used a mean value of 0.65 for the efficiency of utilisation of 




where EUM (MJ/day) is energy requirements for uterus and mammary gland. ARC 
(1981) concluded that the metabolisable energy requirements for maintenance (EM, 
MJ/day) can be expressed as 0.439W° 75. Noblet and Etienne (1987b) estimated 
EM=0.425W 75 for pregnant sows. Whittemore and Yang (1989) used 
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EM = 0.48 W° 75 over four parities and including gestation, lactation and the weaning 
to conception interval. Whittemore (1983) related maintenance to the protein mass 
(PT, kg) and suggested that EM can be more accurately described as: 1.85VT' 0-78; at 
any given liveweight, the estimate of EM will be increased for leaner pigs. However, 
this relationship was derived for growing pigs (20-100 kg) and may not be suitable for 
breeding sows. Therefore, Whittemore and Morgan (1990) derived another equation: 
EM=2.5PT065 to estimate the maintenance energy requirement of the sow. During 
pregnancy it is impossible to consider the maternal protein mass without thinking 
about the reproductive tissue when estimating EM, therefore: 
EM = 2.5(VF+ PTUT+ PfJ.A)O. 65 
where PT, PTUT and PTMAM are total protein mass of the maternal, uterus and 
mammary gland respectively. 
Whittemore (1983) proposed that effective metaboilsable energy (ME!, MJ/day) can 
be derived by using the following equations: 
EPF = DEI-23.6DCP 
where EPF is protein-free digested energy (MJ/day), DEl (MJ/day) is digestible 
energy intake, DCP is digested crude protein intake (kg/day) and it is assumed that 
gross energy content of protein is 23.6 MJ/kg. Protein deaminated (PD, kg/day) is 
the difference between total amino acid intakes (kg/day) and protein retention (PR, 
kg/day). 
PD=(UNIJTIL+SUMAAA)(Fl)-PR 	where PD> =0 
where UNUTIL is total unutilisable amino acids from the food (kg), SUMAAA is total 
available amino acids from the food (kg), Fl is feed intake (kg). Therefore, the energy 
yield from protein deamination (QD, MJ/day) can be evaluated from the assumption 
of urine carrying 7.2 MJ/kg of protein deaminated and the work energy needed for 
urea synthesis to be 4.9 MJ/kg protein deaminated (Whittemore, 1983), then: 
QD = 23.6PD-(7.2PD + 4.9PD) 
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Effective ME (MEl, U/day) is the energy available for work and for energy storage in 
tissue, but exdudes energy lost in urine or used for deamination (Whittemore, 1983, 
1987). During pregnancy it is also necessary to consider the protein growth of uterus 
(PRUT, kg/day) and mammary gland (PRMAM, kg/day), therefore 
MET = QD + 23.6(PR+ PRUT+ PRMAM) + EPF 
The calculation of lipid retention or lipid loss (LR, kg/day), requires knowledge of the 
energy requirements for maintenance (EM, MJ/day), energy requirements for protein 
retention (EPR, MJ/day), energy requirements for uterus and mammary gland (EUM, 
MJ/day) and energy cost of cold thermogenesis (EH1, MJ/day).. There is no 
agreement about the efficiency of utilisation of dietary ME for protein retention (k r). 
ARC (1981) suggested k,= 0.54, but according to recent work, Emmans (1990b) 
suggested that k may be lower to 0.39, thus 
EPR = 36.4PR + 23.6PR 
Energy available for lipid retention (ELR, MJ/day) can thus be derived. 
ELR = MEI-(EM + EPR + EUM + EH1) 
The efficiency of conversion (k f) of dietary ME to lipid retention (LR) for pigs is 
around 0.74 (ARC, 1981; Whittemore, 1983; Whittemore and Morgan, 1990). This 
gives the cost of depositing 1 kg of lipid as (13.9+39.6) MJ ME/kg. However, if ELR 
is negative, this insufficiency should be through maternal body reserve and it is 
assumed that the efficiency is 0.80 (Mullan et aL, 1989). The lipid retention or lipid 
loss can thus be predicted. 
LR=ELR/(13.9+39.6) 	 if ELR> =0 
LR=ELR/39.6/0.8 if ELR<0 
4.9.3 The growth of uterus and mammary gland 
The important tissue growth during pregnancy is the growth of uterus and mammary 
gland. Moustgaard (1962) summarised that studies of the nutritive requirements of 
domestic animals for foetal development were made essentially by three techniques: 
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quantitative studies of the changes in the maternal metabolism resulting from 
pregnancy; quantitative studies of the extent of deposition of nutrients in the uterus 
during pregnancy; and studies of the amounts of the individual nutrients required by 
the pregnant animal to ensure normal foetal development and normal milk production 
in the dam. Partridge and Brown (1972) studied the influence of a high energy intake 
(1.92 MJ ME/W° 75/day) and a low energy intake (1.09 MJ ME/WO. 75/day) on the 
uterus of guts and found low uterine weights in gilts given a low energy intake. 
Moustgaard (1962) expressed the empty weight of uterus (Wu, g) as a function of the 
number of days after conception (t): Wu =550eO.°7t. 
Close and Cole (1986) indicated that the developing conceptus makes little nutritional 
demand during the first 2 months of pregnancy, and most of the dietary nutrients 
retained are deposited in the maternal tissue. Subsequently, since the growth of the 
conceptus accelerates, there is a change in both the priority and demand for nutrients. 
At a fixed nutrient intake, this increase in requirements for conceptus gain is achieved 
at the expense of tissue deposition within the maternal body. The extent to which the 
sow is capable of supplying these nutrients depends upon her nutritional state so that 
the higher the level of feeding the higher the rate of nutrient exchange and the greater 
the tissue deposition within the uterus. This partition of nutrients between the 
different tissue during pregnancy is illustrated by Close and Cole (1986) in Figure 4.2 
for sows kept under thermoneutral conditions. Noblet et aL (1985) studied the weight 
and chemical composition of the foetus, placenta, foetal fluids, uterus and mammary 
tissue of the sow at several stages of gestation when fed at different levels. They found 
that development of the uterus is very slow during the first third of pregnancy and 
about 60% of the foetal growth or uterine energy deposition occurs during the last 30 
day of pregnancy. The total gravid uterus was estimated by use of logarithmic form of 
the following equation: 
log(UW) = 8.745 l9-l.59844e( 0 °5407( 45)) + 0.00006ME(TF1) + 0.09745LS 
where UW is uterus weight, PREGN is the stage of gestation (day), ME is 
metabolisable energy content of the food in gestation, TF1 is total feed intake during 
gestation (kg), LS is litter size. Noblet et aL (1985) also showed that both stage of 
gestation and level of feed intake had a significant effect on the weight of mammary 
tissue (MW). This relationship was estimated as the following equation: 
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Fig. 4.2 The partition of ME intake in the pregnant gilt on 
a conventional diet at an environmental temperature of 20 0C 
(Modified from Close and Cole, 1986) 
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4.9.4 The carcass composition and maternal liveweight at the end of the each day of 
gestation 
For the sow in normal condition, Verstegen et aL (1987) defIned the production 
objectives as follows: sow and conceptus together should gain about 40-45 kg during 
pregnancy. About 20 kg of this weight gain is for the litter and other intra-uterine 
contents. The remaining 20-25 kg is for maternal weight gain of which 15 kg may be 
for development to maturity achieved at 4th or 5th parity. Heap and Lodge (1967) 
reported that, of the extra body weight gained by pregnant over non-pregnant sows, 
48% was fat, 31% was muscle and the remaining 21% was mammary tissue; most of 
the extra fat was in the back, while most of the extra muscle was in the belly. In the 
model, chemical mass of the sow can be accumulated during the course of the 
simulation throughout gestation in the manner: 
PTUT = PTUT+ PRUT 
PTMAM = PTMAM + PRMAM 
PT=PT+PR=PT1 
LT=LT+LR=LT1 
WW = PT+ LT+ 8.21(PT) 0.789 
W=WW+UW+ MW=W1 
where PTUT is total protein mass of the uterus (kg), PRUT is daily protein retention 
in the uterus (kg), PTMAM is total protein mass of the mammaiy gland (kg), 
PRMAM is daily protein retention in the mammary gland (kg), PT is total protein 
mass of the sow (kg), PR is daily protein retention of the sow (kg/day), LT is total 
lipid mass of the sow (kg), LR is daily lipid retention of the sow (kg/day), WW Is 
maternal weight excluding uterus and mammary gland in gestation (kg), uw is uterus 
weight (kg), MW is mammary weight (kg), and w is maternal liveweight (kg). Thus, 
the process of the nutrient utilisation by the pregnant sow on the next day will return 
to 4.9.1 until parturition is reached. 
Yang et aL (1989) indicated that change in P2 (mm) backfat depth at parturition is 
dependent upon the total feed intake in pregnancy: change in P2 = -9.3 + 0.036 total 
feed intake. Maternal backlat depth at parturition (P21, mm) is derived from 
Whittemore and Yang (1989), and change in P2 at parturition (CP21, mm) can be 
calculated from P21 and P23 (P2 at start for primiparous sows or P2 at conception for 
multiparous sows). 
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P21 = (LT+ 20.4-0.21WW)/1.5 
CP21 =P21-P23 
4.10 Simulation of nutrient utillsation by the lactating sow 
Although it is usual to consider nutrition of the pregnant sow and the lactating sow in 
isolation from one another, there is a relationship between nutrition in pregnancy and 
lactation. Under practical conditions, a wide range of total feed and total energy 
intake can be supplied during pregnancy. Since only a small proportion of the 
nutrients supplied to the pregnant sow are utilised directly in the change and 
composition of the reproductive organs or their contents, these difference in nutrient 
intake in pregnancy are reflected directly in changes in liveweight and carcass 
composition of the pregnant sow. Elsley (1971) indicated that these affect both milk 
yield and the liveweight changes of the sow during lactation. According to a review of 
Mullan et aL (1989), the primaiy components necessary to establish the factorial 
assessment of the nutritional requirements of the lactating sow could be concluded as: 
(1) determination of the nutrient requirements of the suckling piglets at various 
growth rates, litter sizes and stages of lactation, (2) calculation of the energy and 
nitrogen requirements for milk production necessary to sustain different rates of piglet 
gain, (3) assessment of the maintenance energy and nitrogen needs of the lactating 
sow and hence the total nutrient requirements for both maintenance and milk 
production, (4) estimation of the energy and nitrogen intake of the sow under ad 
libitwn feeding conditions and those factors which influence it, (5) calculation of the 
change in lean and fat and hence body weight of the sow together with corresponding 
changes in backfat thickness, and (6) subsequent rebreeding requirements. 
4.10.1 The sow's body composition at the first day of lactation 
Lodge (1962) presented that most of the weight gained during pregnancy in excess of 
that accounted for by the litter and placenta is lost before the next pregnancy, either 
during lactation or, if this is prevented, immediately after weaning. In the model, the 
sow's body composition at the first day of lactation must be consistent with those at the 
end of the gestation, and the maternal body weight at the first day can be calculated by 
subtracting the uterine weight (UW) as: 
w=w1-Uw 
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PT = PT! 
LT=LT1 
P2 = P21 
where W is the maternal body weight excluding uterus weight, and Wi, PT1, LT1 and 
P21 are maternal body weight, protein mass, lipid mass and P2 at parturition 
respectively. 
4.10.2 Piglet birth weight and piglet carcass composition at birth 
Frobish and Steele (1970) and Frobish et aL (1973) used 76 gifts to investigate the 
effect of different energy intake (12.55, 18.83, 25.1 and 31.38 MJ of ME daily) through 
three reproductive cycles on reproductive performance and found that piglet birth 
weight increased in a linear (P <0.01) manner with increasing energy intake. Elsley 
and MacPherson (1972) conduded that only when protein concentration in the diet 
supplied is veiy low (under 50 g CP/kg) is piglet birth weight reduced. Britt (1986) 
reported that adding fat to the sow's diet during the last month of gestation or altering 
the sow's metabolism to direct more nutrients to the foetus are methods for increasing 
piglet birth weight and energy stores. Whittemore and Morgan (1990) reported that 
the relationship between piglet birth weight (WB, kg) and the mean daily intake of DE 
throughout pregnancy can be expressed as: 
WB = 0.89 + 0.013 1(DE)(TF1)/PREGN 
where TF1 is total feed intake throughout pregnancy, PREGN is the stage of 
pregnancy. Baker et aL (1969) found that birth weight per piglet decreased 43 g for 
each additional piglet in the litter. The influence of numbers born (LS) on average 
piglet birth weight can be described as Table 4.7. 
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Table 4.7 Influence of numbers born on average piglet birth weight (Whittemore, 
unpublished) 











Therefore the following equation can be calculated as an influence parameter (TEMP) 
to adjust the piglet birth weight. 
TEMP = -0.0066 + 0.04821.S-0.00473LS 2 	 where -0.35< = TEMP < = 0.11 
WB=WB+TEMP 
Some papers have indicated that the body composition of piglets at birth was only 
slightly affected by the nutrition of sows during gestation (Elsley, McDonald and 
Fowler, 1964; Elsley et aL, 1966; Hawton and Meade, 1971). The composition of foetal 
growth appeared to be influenced only by abnormally low dietary protein 
concentrations such as that in the experiments of Pond et aL (1969) where the use of 
synthetic diets allowed a daily intake by the sows of only 9 g CP. Mahan and Mangan 
(1975) used three crude protein levels (90, 130 or 170 g/kg) and with an intake of 1.82 
kg/day, the progeny parturition data were similar for the three gestation protein 
levels. Manners and McCrea (1963) measured the changes in chemical composition of 
sow-reared piglets during the first month of life and found that: the proportion of fat 
in the body showed the greatest change between birth and 4 weeks of age, rising from 
0.012 of empty liveweight at birth to 0.183 at 28 days of age; the concentration of 
protein in fat-free body tissue rose throughout the first 4 weeks of life, and at the same 
time the water content fell; proportion of ash in fat-free body tissue fell from birth to 
the 7th day of life and rose thereafter. Wood and Groves (1965) determined the body 
composition of 37 piglets from four litters and reported that the proportion of body 
water declines from 0.83 at birth to about 0.67 in the first 15 days of life. This decline 
is the result of a very rapid increase in the body fat component and a definite but 
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slower increase in body protein content. They pointed out that the body protein 
component is increasing at a more rapid relative rate than the body water during the 
first 18 days of life. Subsequently, the increase rate of protein declines and becomes 
only slightly greater than that for the body water; the body ash increases more rapidly 
than the body water after 18 days. Mullan et aL (1989) concluded that the composition 
of the piglet tends to stabilize after the first week of life, but the rate of fat accretion is 
much greater than that of protein. Thus the mean protein content was calculated to 
increase from 120 g/kg at birth to 140 and 150 g/kg at 1 and 2 weeks of age, 
respectively, and thereafter remained constant; the corresponding increases in mean 
fat content were from 13 g/kg at birth to 90, 130, 150 and 160 g/kg at 1, 2, 3 and 4 
weeks respectively. 
The gut content of the piglet is assumed to be 0.05 of the piglet body weight, which was 
used in the Edinburgh Model Pig, and piglet total ash mass is about 0.2 of total protein 
mass. Whittemore (1987) indicated that as protein mass increases then the amount of 
water associated with protein in the lean mass reduces and suggested that total body 
water of the pig is a function of protein mass. Therefore empty body weight (WEP, 
kg), protein mass (FTP, kg). lipid mass (LTP, kg), ash mass (ATP, kg) and water mass 
(YTP, kg) of the piglet can be derived from piglet birth weight (WB, kg). 
WEP = WB/1.05 
PTP=0.12WB 
ATP = 0.024WB 
Li? = 0.O13WB 
YTP = 49(PTP)0.855 
4.10.3 Milk yield 
Lodge (1962) indicated that the requirement of the lactating sow for any nutrient is 
the sum of the amount secreted in the milk, the amount utilised in the processes of 
milk secretion and the requirement for maintenance. Therefore, to estimate the 
requirement for any particular nutrient, it is necessary to know the yield and 
composition and the efficiency with which the nutrient in question is utilised either 
including or excluding the requirement for maintenance. If the nutrient from the diet 
is insufficient for the requirements, the nutrient should be mobilised from maternal 
body tissue. There are many factors which affect the milk production of lactating 
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sows. From the related references, those factors can be concluded as breed and stage 
of lactation, feeding level, parity, litter size and body condition of sows. 
Effect of breed and stage of lactation 
Allen and Lasley (1960) found that there is a significant difference between sows of 
the different breeds and crosses in the amount of milk produced during a 6-week 
lactation period. A peak in lactation was reached in the third week by the Duroc and 
Landrace X Poland sows, in the fourth week by the Poland sows and in the fifth week 
by the Landrace sows. Van Kempen et aL (1985) reported that milk production of 
sows peaked at about 15 days at a low level of feeding (2.5 kg/day) and at about 20 
days at a high level (5.3 kg/day). Black et aL (1986) concluded that potential milk yield 
(kg/day) for multiparous sows was related to day of lactation. Lodge (1962) indicated 
that milk production in the sow rises to a peak at about the third week and remains at 
that level until about the fifth week before declining towards weaning. Elsley (1971) 
summarised that the changes in milk production during the course of the lactation 
period differed markedly between experiments and between individual sows given 
similar feed intakes. He also pointed out that some sows reached maximum milk yield 
at twenty-one days whilst for others the maximum yield is not reached until thirty-fifth 
day. An equation can be calculated from the data of Elsley (1971) and describes milk 
yield (kg/day) as = 4.002 (s.e. 0.292) + 0.214(s.e. 0.021)day - 0.004(s.e. 0.0003)day 2 
(R2 =0.962). The effect of stage of lactation on milk yield which was summarised by 
Lodge (1962), Elsley (1971) and Van Kempen et aL (1985) is shown in Figure 4.3. It 
seems that the data from Lodge (1962) and from Elsley (1971) are very similar, but all 
are much lower than modern sows. Seerley (1984) summarised sow's milk 
composition and indicated that crude protein is highest at birth; lactose increases from 
colostrum to milk; total solids and non-fat solids decreases slightly as lactation 
progresses; and total lipids are lower in colostrum, but increase in early lactation and 
then decline to weaning. 
Effect of feeding level 
Van Kempen et aL (1985) reported that milk production and composition of milk was 
significantly affected by feeding level (Figure 4.3) and concluded that a high feeding 
level is beneficial in two ways: to prevent high weight losses in sows and for a better 
development in suckling pigs. Boyd et aL (1978) indicated that addition of tallow to 
the diets of dams during the gestation period increased fat content of colostrum but 
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Fig. 4.3 Effect of stage of lactation on milk yield 
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this increase was not sustained throughout lactation. However, administration of 
tallow immediately following parturition significantly increased milk fat for the entire 
lactation period. Boyd et aL (1982) also determined the effect of feeding diets 
supplemented with tallow (0 or 80 g/kg) and 770 mg choline chloride/kg, and found 
that not only did sows in the tallow group produce a greater concentration of milk 
solids and fat, but the total quantity of the milk constituents available to the offspring 
was increased. There is evidence that supplemental dietaiy fat during late gestation 
and/or lactation increased milk production and the fat concentration of colostrum and 
milk, and increased the herd survival rate among the piglets if the proportion surviving 
is less than 0.8 (Pettigrew, 1981; Seerley, 1984). Seerley (1984) concluded that milk 
production was increased proportionately by approximately 0.3 with the addition of 
lipids to sow diets. In addition, colostrum and milk from sows fed animal fat had 
higher proportions of total lipids (P <.01) and oleic acid (P <.05), but lower 
proportions of palmitoleic and linoleic acids during the first 6 days after parturition 
than milk from sows fed corn starch (Seerley et aL, 1978). However, milk from control 
sows which had received a gestation diet containing 40 g added poultry fat/kg prior to 
treatment, was only slightly, and nonsignificantly, lower in energy and lipid content 
than milk from sows on the lipid treatment (Seerley et aL, 1981). Coffey et aL (1982) 
indicated that milk yield at day 14 of lactation was significantly increased 
approximately 0.3 by the addition of lipids to sow diets and feeding fat to sows 
throughout lactation increased (P <.05) the percentage of total lipids and Vitamin A in 
milk but there were no treatment differences in milk crude protein, lactose, total solids 
and solids-not-fat contents and pH. 
Mahan (1977) suggested that gestation dietary protein restriction can impede not only 
initial milk secretion which can affect neonatal pig survival but also subsequent milk 
production and progeny gains. O'Grady (1981) gave a suggestion that the sow on 
restricted protein can buffer milk production through weight loss in short lactations. 
The reduction in fat reserves was linearly correlated with dietary energy intake of the 
sows (O'Grady et aL, 1975). O'Grady and Hanrahan (1975) indicated that lactation 
weight loss was decreased by feeding diets having up to 118 g crude protein and 7.8 g 
lysine/kg but that litter and piglet gains did not respond to diets having more than 93 g 
crude protein and 5.8 g lysine/kg. Sows fed low protein diets in pregnancy consume 
more of high protein diets in lactation but this is not so when a high protein pregnancy 
diet is fed (O'Grady et aL, 1985). Greenhalgh et aL (1980) reported that giving more 
protein in lactation caused linear increases in piglet weights at 3 and 6 weeks, and a 
linear reduction in creep feed consumption. Extra protein for lactating sows also 
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reduced their liveweight loss in lactation, but this effect was partially counter-balanced 
by smaller gains in gestation. The economic optimum protein level may be >150 g/kg 
for lactation diets. 
Smith (1959b) indicated that the reduction in yield resulting from lowered intake was 
largely offset by the increased energy content of the milk. The sows which received 
low rations during lactation used the energy available from their feed and from the 
catabolism of body reserves more efficiently than those on a high ration (Smith, 
1960b). Energy for milk from feed was produced with an efficiency of 0.67 to 0.69 with 
a maintenance requirement of 0.47 to 0.52 MJ ME per liveweight 075 per day 
(Verstegen et aL, 1985). White et aL (1984) used corn-soybean control diet (C sows), 
fructose corn syrup (F sows) and powdered dextrose (D sows) as energy sources and 
found that milk yield from F sows on day 14 and 21 was significantly higher than those 
from D and C sows. They concluded that source of metabolisable energy affects milk 
yield, composition and the efficiency at which the sow converts dietary nutrients into 
milk. According to the report of O'Grady et aL (1973), the milk yield, composition and 
litter growth in the first lactation were not influenced by the different levels of energy, 
but during the second lactation, milk yield was depressed by lower energy intakes and 
this was reflected in litter weights at 21 though not at 42 days. In the third lactation, 
lower energy intakes seriously depressed milk yield and daily output of milk nutrients. 
On the lowest level of energy, milk yield was 0.68 at day 24 and 0.8 at day 41 of 
lactation of that on the highest energy leveL An equation calculated by Elsley (1971) 
from seven papers to predicted milk yield of sows (kg/day) was 3.74 + 0.6 feed intake 
(kg/day) ± 0.1. Figure 4.4 shows the relationship between energy intake and milk 
production based on the O'Grady et aL (1973) and Elsley (1971) mentioned above. 
Effect of party 
Three lactations were investigated by Lodge (1959) who found that the mean milk 
yield of the high-plane sows was increased by 0.19 compared to that of the low-plane 
sows. The difference was significant in first (P<.05) and second (P<.01) lactations but 
not in the third. O'Grady et aL (1973) observed an increase in milk yield, milk solids 
and litter size during the second and third reproductive cycle. O'Grady et aL (1973) 
and O'Grady (1981) concluded that a reduction by 0.67 in energy intake in first 
lactation had no effect on milk yield, or composition, or litter growth and only when 
low intakes were continued in second and third lactations were milk yields and litter 
growth reduced. Black et aL (1986) concluded that milk yield in the first lactation was 
141 
0.78 of the subsequent lactations. Elsley (1971) indicated that neither the energy nor 
protein content of sow's milk was affected by parity. Figure 4.5 is a relationship 
between milk yield and parity of sows interpolated from Elsley (1971). 
Effect of litter size 
It is recognized that milk yield varies with litter size, and sows suckling big litters are 
known to produce more milk (ARC, 1981). Allen and Lasley (1960) reported that the 
milk yield of the sow was significantly correlated with the size of litter suckled, the 
litter weight at weaning and the change in weight of the sows during lactation. Smith 
(1960c) indicated that the sows whose litters did not receive creep produced more milk 
over the last four weeks of lactation than the sows whose litters received creep feed. 
White et aL (1984) reported that milk yield and litter weight gain was negatively 
associated with contents of protein, lipids and total solids in milk, but positively 
associated with concentrations of lactose and gross energy. Nursing pig weight gain at 
weaning was more responsive to total yields of milk and milk nutrients than to 
composition. Lodge (1962) reported that milk yield of sows increased from 2.68 kg 
per day to 7.27 kg per day when litter size increased from 3 to 12. However, Elsley 
(1971) summarised that the milk yield of sows increased from 4.0 kg per day to 8.6 kg 
per day if litter size increased from 4 up to 12. For a litter of 8 piglets the average 
milk yield was 6.6 kg. As litter size increased over 8, milk yield increased 
approximately 0.5 kg per day for each piglet. However, milk intake per piglet 
diminished from 1.0 kg to 0.7 kg as litter size increased from 4 up to 12. Black et aL 
(1986) used Elsley's data (1971) and indicated that daily milk yield increased with 
litter size and could be described by 1.81 + 0.58 litter size. However, Black's estimates 
were lower than modern sows too. The relationship between milk yield and litter size 
is shown in Figure 4.6. 
Effect of condition of sows 
As indicated by the experiment of Hovell and MacPherson (1977), there were no 
differences between thin sows and standard sows in milk production during the first 
lactation when litters were standardized at eight piglets, but the thin sows secreted less 
fat and lactose in the second lactation. Kiaver et aL (1981) reported that sows in good 
condition produced more milk, energy and protein than thin sows. Similar 
observations were made by De Lange et aL (1980) that thin sows produced less energy 
in their milk than normal sows. Smith (1960a) reported that the sows in poor 
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condition lost weight and produced slightly less milk and milk energy than those in 
good condition. 
4.103.1 Potential milk yield 
From the data summarised by Elsley (1971), an equation to predict milk yield can be 
derived and as: 
Milk yield (kg/day) = 4.002 + 0.214 day - 0.004 day2 
Using this equation, Figure 4.3 shows lactating sows reached maximum milk yield (7.18 
kg/day) at 28th day. However this is a wrong estimate since milk yield is not greatit 
affected by the stage of lactation. Black et aL (1986) concluded from Elsley (1971) that 
milk yield in the first lactation was 0.78 of the subsequent lactations and this is shown 
in Figure 4.5. Black et aL (1986) reviewed the data of Elsley (1971) and concluded that 
milk yield (kg/day) increased with litter size and was described as: 
Milk yield (kg/day) = 1.81 + 0.58 litter size 
From Figure 4.3, the maximum milk yield was 7.2 kg/day and this is equivalent to a 
mean litter size of 9.3. Therefore, Black et aL (1986) used the following equation 
including a factor of litter size to adjust milk yield. 
LF=(1.81 + 0.58 litter size)/7.2 
According to a review of Oldham and Emmans (1988), and Whittemore and Morgan 
(1990), the lactation curve (YP, kg/day) for a sow, as yield at date AGE, can be 
expressed as: 
YP= (A)e()(U) 
where A is a scalar to evaluate potential milk yield depending upon sow genotype (see 
Table 4.3), KK is a rate constant and KK=0.025, e KK(AGE) is a description of the 
rate of decline in secretory capacity, U is a representation of the growth of mammary 
secretory function, and 
145 
TEMP = e((3BB(A)) 
U = eTEMP 
Where G = 0.5, G is degree of maturity in the system at parturition, and BB = 0.1 and 
BB is the rate at which the relative growth rate of mammary gland decreases with size. 
Figure 4.3 also shows the lactation curve for A=24 and A= 18. This lactation curve 
represents the potential milk yield by the sow that could be supplied. For A = 24, the 
maximum milk yield is 11.66 kg/thy, but 8.75 kg/thy for A= 18. 
4.10.3.2 Demand by piglets 
Whittemore and Morgan (1990) suggested that lactation demand is a function of 
growth potential of the piglets in the sucking litter. They showed that 4 g of milk result 
in 1 g of piglet liveweight and the daily lactation demand (YD, kg/day) can be derived 
as: 
YD = 4(LS)(PIGDG) 
where LS is litter size, and PIGDG is piglet potential daily gain (kg/day) which has 
been mentioned in section 4.8. Milk yield (Y, kg/day) can not exceed the potential 
milk yield (YP, kg/day). If potential milk yield is greater than piglet milk demand, 
then milk yield equals piglet milk demand, otherwise milk yield equals potential milk 
yield. 
Y=YD 	 if YP>YD 
Y=YP if YP<=YD 
In practice, feed intake is variable during lactation and is dependent upon the capacity 
of the sow to eat sufficiently to maintain its body reserves and to fuffil its potential for 
milk production. Close and Cole (1986) indicated that the sow is capable of 
considerable milk production to meet the needs of the suckling litter and though 
factors such as breed, age and weight of the sow can influence milk quality and 
quantity, one of the most important factors, in addition to litter size, is the nutritional 
state of the animal in terms of its energy and protein intake. However, the 
requirement for feed may not always be satisfied because the management system and 
environment of housing may limit the maximum feed intake by the sow, or because the 
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allowances established from nutrient requirements are beyond the appetite limitation 
of the animal. The probable results of either situation are reduced milk yield and 
excessive body weight loss. This reduction in milk yield will depress piglet growth rate, 
whereas the excessive weight loss may adversely affect postweaning reproductive 
performance and productivity in subsequent parties. This is also supported by Elsley 
(1968). King (1987) concluded that the maintenance of milk production by depletion 
of body reserves is a distinct feature of the metabolism of the lactating sow. He 
pointed out under conditions of protein inadequacy, muscle protein synthesis is 
depressed and amino acids released from muscle degradation are channelled into milk 
protein production. However, under conditions of severe protein deprivation the 
supply of amino acids from skeletal muscle will not be sufficient for milk protein and 
milk production will be depressed. 
4.10.4 Energy and ideal protein requirements for milk 
De Lange et aL (1980) calculated the efficiency of utilisation of metabolisable energy 
for milk production in thin sows and normal sows as 0.55 and 0.70 respectively, they 
also indicated that milk was produced from body tissue with an efficiency of 0.80. 
Lodge (1957) assumed that about 0.45 of the digestible energy consumed by a lactating 
sow is converted into milk energy. However, Noblet and Etienne (1986) reported that 
piglets retained 0.89, 0.54 and 0.55 of nitrogen, fat and energy, respectively, of milk 
between birth and weaning and suggested that the ability of sows to mobilize body 
lipids in order to maintain the output of energy in milk is reduced as body fat reserves 
are depleted. Noblet et aL (1990) concluded that efficiency of utilisation of ME for 
energy in milk ranges from 0.68 to 0.79, then mean value being 0.72. Whittemore and 
Morgan (1990) quoted more papers and presented that dietary ME is converted to 
milk energy with an efficiency of 0.65 to 0.75. Black et aL (1986) and Whittemore and 
Morgan (1990) conduded that the energy content of sow's milk is relatively constant at 
5.4 MJ/kg throughout lactation. A value of 0.70 for the efficiency of utilisation results 
in 7.7 MJ ME being required for the formation of 1 kg of milk inclusive of the energy 




where EMILK is energy contents in sow's milk (MJ/day), Y is milk yield by the sow 
(kg/day), and EL is energy requirements for milk (MJ/day). 
Elsley (1971) reported that protein content (g/kg) of milk falls during 3 weeks then 
rises steeply. According to the data of Elsley (1971), Black et aL (1986) calculated the 
protein content of sow's milk (PMILK, kg/day) using the following equation: 
PMLLK= (Y)(59.8-0.57AGE + 0.0 148AGE 2)/ 1000 
Neither the energy nor protein content of sow's milk is influenced by parity (Elsley, 
1971). ARC (1981) suggested the efficiency of utilisation of protein for milk was 0.85. 
The protein requirement for milk (PL MJ/day) can therefore be derived. 
PL = PMILK/0.85 
4.103 Estimation of protein retention or protein loss 
Mullan et aL (1989) concluded that the maintenance nitrogen requirement of the 
lactating sow was 0.38 g digestible N/kg body weight075 per day, with a corresponding 
efficiency of utilisation of 0.70. Noblet and Etienne (1987b) assumed that the 
digestibility of dietary nitrogen for the lactating sow was 0.88. Therefore, total energy 
and nitrogen requirement by the lactating sow can be derived from those needed for 
maintenance and milk production. Mullan et aL (1989) concluded that maternal 
weight loss during lactation was not only from fat but also from lean tissue which is 
equivalent to protein divided by 0.22. The protein requirements for maintenance 
(PM) during lactation can be evaluated as mentioned in pregnancy but by only 
considering the total protein mass (PT) of the sow and mammary gland (PTMAM). 
PM = O.004(PT+ VFMAM) 
Therefore, protein retention could be evaluated from total utilisable ideal protein 
contents of the food ([PT, kg/kg), feed intake (FL, kg/day), protein requirements for 
maintenance (PM MJ/day), protein contents in sow's milk (PMILK, kg/day) and 
protein requirements for milk (PL, kg/day). If daily total utilisable ideal protein 
intake is more than protein requirements for maintenance and milk, there will be 
some protein deposition (PR, kg/day); otherwise, there will be some proteirimobilised 
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from the maternal lean reserves. 
if (IPT)(FI)-(PM + PMELK) >0 then PR = (IPT)(FI)-(PM + PMILK) else 
PR=(IPT)(FI)-(PM+PL) 	 where PR< =PRM 
Whatever protein retention or protein depletion occurs, this will need energy and have 
an energy cost (EPR, MJ/day) to do the work. If protein retention is positive, the 
equation mentioned in section 4.9.2 can be used, but if protein retention is negative, a 
value of 0.85 of the efficiency of utilisation of energy from protein mobilised is used to 
derive EPR 
EPR=36.4PR+23.6PR 	 if PR>0 
EPR = 0.85(23.6PR) if PR < = 0 
Whittemore and Morgan (1990) reviewed some recent experiments and presented that 
daily rates of lipid and protein losses had reached levels as high as 0.85 and 0.25 kg 
daily respectively. Ratios of losses seemed normally to range between 2.5 lipid : 1 
protein and 10 lipid: 1 protein, depending upon the availability of fatty tissue stores. 
Therefore, if PR<-0.25 then daily milk yield (Y) must be reduced to meet this 
constraint. So, 
if PR<-0.25 then Y=Y-0.04 
If milk yield has been changed then return to section 4.10.4 to recalculate energy and 
ideal protein requirements for milk. 
4.10.6 Estimation of lipid retention or lipid loss 
Eastham et al. (1988) concluded that ad libitum feeding is the appropriate strategy in 
lactation, but even on this feeding regime, it seems that sow backfat loss during 
lactation is inevitable. Noblet et aL (1990) also gave the same condusion. Lynch 
(1989) summarised that the lactating sow requires 5 to 7 kg feed daily if she is to 
maintain body weight and condition in lactation, but even on ad libitum feeding sows 
fail to achieve the required feed consumption and so lose both weight and tissue. 
Mullan and Williams (1988a, b) demonstrated that modern sows had lower body fat 
reserves than hitherto and that most of the loss of body reserves which occurred 
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during lactation could be attributed to loss of lipid rather than body protein. Mullan et 
aL (1989) concluded that the maintenance energy requirement of lactating sow was 
471 kJ ME/kg W075 per day which is slightly more than the 460 kJ ME/kg W075 of 
Noblet et aL (1990). The net efficiency of energy utilisation was 0.72 when dietary 
energy was in excess, or 0.87 when dietary energy intake was insufficient to meet 
nutrient needs and body reserves were mobilised to provide the deficit. De Lange et 
aL (1980) reported that the efficiency of production of milk from body tissue was 0.8. 
Whittemore and Morgan (1990) also preferred the value of 0.8 as an energetic 
efficiency from the body fat reserve. As mentioned in the gestation section, energy 
requirements for maintenance (EM) can be estimated from total protein mass of the 
sow (PT) and the mammary gland (PTMAM). 
EM = 2.5(FF+ VrMAM)° 65 
The metabolisable energy intake (MEl, MJ/day) by the lactating sow can be estimated 
from DE content of the food by subtracting the energy retained in DCP (5.63 MJ/kg). 
Energy available for lipid retention (ELR, MJ/day) or lipid requirement from the 
sow's fat can thus be estimated from MEl, EM, EL (energy requirement for milk 
production, MJ/day), EPR (energy requirement for protein retention or protein 
depletion, MJ/day) and EH1 (energy cost of cold thermogenesis, MJ/day). Lipid 
retention (LR, kg) can also be determined as mentioned in gestation section. 
MEl = (DE-5.63DCP)(Fl) 
ELR=MEI-(EM+EL+EPR+EH1) 
LR=ELR/(13.9+39.6) 	 if ELR> =0 
LR = ELR/39.6/0.8 if ELR <0 
Whittemore (unpublished) suggested that milk yield (Y, kg/day) must be adjusted 
according to the body tissue reserves of the sow (the ratio of lipid mass (LT) and 
protein mass (PT)) and lipid retention (LR) of the lactating sow: 
if LT/PT <0.7 and LR <0 then Y = Y-0.04 
if LT/PT> =0.7 and LT/PT< 1 and LR<-0.15 then Y=Y-0.04 
if LT/PT> = 1 and LT/PT< 1.3 and LR<-0.25 then Y=Y-0.04 
if LT/PT> = 1.3 and LT/PT< 1.6 and LR<-0.5 then Y=Y-0.04 
if LT/PT> = 1.6 and LT/PT< 1.9 and LR<z -0.75 then Y=Y-0.04 
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if LT/PT> = 1.9 and LR<-1 then Y=Y-O.04 
if milk yield has been changed then return to section 4.10.4 to recalculate energy and 
ideal protein requirements for milk. 
4.10.7 EstimatIon of piglet growth rate 
The growth and development of the piglet during lactation is dependent on the yield 
and composition of the sow's milk, which are functions of the intake and quality of the 
diet eaten by the sow and piglet performance (ARC, 1981). Yang et aL (1989) 
indicated that piglet growth rate (0 to 28 days) was not influenced by lactation feed 
intake nor the change in sow body weight and fatness during lactation, but it was 
affected by fatness and weight at parturition and by litter size, but by lactation feeding 
level only in the last week of lactation. 
piglet growth rate (g/day) = 167 + 2.39 P2 at parturition 
piglet growth rate (g/day) = 85 + 0.54 maternal liveweight at parturition 
piglet growth rate (g/day) = 280 - 10.1 litter size at weaning 
However, Whittemore and Morgan (1990) recalculated data from Whittemore, Smith 
and Phillips (1988) and found a more appropriate regression to describe the 
relationship between piglet growth rate and maternal fatness and liveweight change in 
lactation: 
piglet growth rate (kg/day) = 0.191 - 0.006 maternal P2 (mm) change in lactation - 
0.0013 maternal liveweight change (kg) in lactation 
An empirical model describing piglet growth rate may depend upon regression 
relationships from field trials. However, for a simulation model to work well, it should 
be more deductive. The concepts described in the Edinburgh Model Pig could be 
introduced here to describe piglet growth from birth to weaning. Because the creep 
feed eaten by the piglet during lactation is difficult to estimate, it is assumed that 
nutrient intake by the piglet is completely from sow's milk and that the piglet is grown 
in a thermoneutral environment. Thus, a piglet growth model can be built up from 
energy and protein requirement for maintenance of the piglet (EMP, MJ/day; PMP, 
kg/day), piglet tissue retention (protein, lipid, ash and water), and milk protein and 
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energy supplies (PMJLK, kg/day; EMILK, MJ/day). The maintenance energy 
requirement (EMP, MJ/day) per suckling piglet was estimated by Mullan et aL (1989) 
as: 
EMP =498(WPO.75)/1000 
where WP is piglet body weight (kg). It was also assumed that the net efficiency of 
energy utilisation for gain was 0.78. Van Kempen et aL (1985) indicated that the 
conversion rate of milk energy into the piglets body energy was 0.36 to 0.58. The range 
of these data is similar to that determined by Lodge (1957) and by Smith (1959a, 
1960b). Van Kempen et aL (1985) suggested the conversion of milk energy depends 
vezy much on the level of milk production, i.e. level above maintenance intake of 
piglets. Mullan et aL (1989) concluded that the nitrogen requirement for piglet 
maintenance is 0.34 g digestible N/kg body weight°. 75 per day and the nitrogen 
content (g/kg) can be calculated on the assumption that 1 g protein contains 0.16 g 
nitrogen (N). Thus, the protein requirement for maintenance (PMP, kg/day) can be 
described as: 
PMP = 0.34(WP075)(6.25)/1000 
In addition to maintenance, piglets need additional energy and nitrogen from milk for 
tissue gain. The daily rate of tissue retention can be calculated from the knowledge 
that 1 g protein contains 23.6 kJ, 1 g fat contains 39.6 kJ, assuming that the net 
efficiency of energy utilisation is 0.78 and the efficiency of nitrogen accretion is 0.90 
(Mullan et aL, 1989). The piglet growth model can thus be described as the following 





PRMP = (B)(PTP)Iog(PTM/PTP) 
PRP=(PMILK/1S-PMP)(0.9) 	 where PRP< =PRMP 
LRP = (EMILK/LS-EMP-23.6PRP)(0.78)/39.6 
ARP = 0.21PRP 
VFP=PT1P+PRP 
LTP = LT1P+ LRP 
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ATP =AT1P+ARP 
YTP = 4.9(I'fP)0855 
WEP=VFP+LTP+ATP+YTP 
WP= 1.05WEP 
if PIGDG<(WP-W1P) then PRP=PRP-0.001, return to calculate LRP, ARP, PTP, 
LTP, ATP, YTP, WEP and WP. 
PIGDG1°= WP-W1P 
where WP, PTP, LiP, ATP and YTP are piglet liveweight (kg), protein mass (kg), 
lipid mass (kg), ash mass (kg) and water mass (kg) respectively; PRMP is maximum 
protein retention of the piglet (kg), B is growth rate parameter, PTM is mature total 
protein mass (kg), IS is the number of suckling pig; PRP, LRP, ARP are piglet protein 
retention (kg/day), lipid retention (kg/day) and ash retention (kg/day) respectively; 
WEP is piglet empty body weight (kg) and PIGDG is piglet potential daily gain (kg) 
which has been mentioned before. PIGDG1 is piglet daily gain (kg) which can not 
exceed PIGDG. If PIGDG1 is greater than PIGDG, then PRP must be reduced and 
return to recalculate other tissue retentions and tissue masses. 
4.10.8 The carcass composition and maternal liveweight at the end of the each day of 
lactation 
Brendemuhi et aL (1989) investigated the effects of energy and protein intake by 32 
primiparous sows during a 28-day lactation and concluded that the composition of 
weight lost during lactation was diet-dependent; sows fed diets that were deficient in 
protein but adequate in energy lost a large amount of protein from muscle and 
internal organs. Energy deficiency resulted primarily in fat loss. Whittemore and 
Yang (1989) reported that litter size and feeding level significantly influenced the 
composition of dissected carcass fat and chemical lipid, but not composition of 
dissected lean and chemical protein. Sows lost lipid and protein at about 0.37 and 0.16 
of the liveweight respectively in the course of the 28-day lactation (Whittemore and 
Yang, 1989). Yang et aL (1989) reported that fatness (P2, mm) and sow liveweight 
(kg) at weaning, changes in fatness (P2, mm) and changes in liveweight (kg) during a 
28-day lactation were significantly influenced by target fatness at parturition, lactation 
feeding level and litter size. The equations for change in backfat and change in 
maternal liveweight during a 28-day lactation presented by Yang et aL (1989) were: 
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change in P2 (mm) = -0.28-0.27(P21) + 0.04(TF2)-0.5LS 
change in maternal liveweight (kg) = -3.8-0.15(W1)+0.36(TF2)-3.3LS 
where P21 is P2 at parturition, TF2 is total lactation feed intake (kg), IS is number of 
piglets suckling and Wi is maternal liveweight at parturition. Eastham et aL (1988) 
reported that liveweight of the litter was positively related to sow daily feed allowance 
in lactation, but the major benefit of increasing lactation feed allowance was in 
reducing the rate of maternal liveweight loss: 
change in P2 (mm) = -0.40 + 0.05 lactation feed intake (kg/day) 
change in maternal liveweight (kg) = -1.7 + 0.34 lactation feed intake (kg/day) 
In the factorial model, chemical mass can be accumulated during the course of 
simulation through to weaning. Therefore, change in maternal liveweight and change 
in P2 can be derived. 
PT=FF+PR=PT2 
LT=LT+LR=LT2 
W=PT+ LT+ 8.21(PT) 0.789 
P22 = (LT+20.4-0.21W)/1.5 
CP22 = P22-P21 
where PT2, LT2, P21, P22 and CP22 are the total protein mass of the sow (kg), the 
total lipid mass of the sow (kg), P2 at parturition, P2 at weaning and change in P2 
during lactation (mm) respectively. 
4.11 SImulation of nutrient utilisation by the breeding sow In the weaning to 
conception Interval 
4.11.1 The sow's body composition at the first day of weaning to conception interval 
After weaning, milk is not produced by the sow any more, so the sow wifi lose the 
weight of mammaiy gland (MW, kg). In practice, the mammary gland might disappear 
gradually. For the sake of insufficient knowledge, it is assumed that the maternal 
weight at the first day of weaning to conception interval is subtracted mammary weight 
from maternal at weaning. Other body composition at the first day of internal 
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between weaning and conception should be as those at weaning. Therefore maternal 
liveweight (W, kg), protein mass (PT, kg), lipid mass (LT, kg) and P2 (mm) can be 
transferred. 
W=W2-MW 
PT = PT2 
LT=LT2 
P2 = P22 
4.112 Estimation of weaning to conception interval 
There are several factors which affect the weaning to conception intervaL The cause 
of variation in the length of the weaning to oestrus interval can be classified into three 
major areas: genetics, nutrition and management (Fahmy, 1981). 
Genetics 
Differences among breeds and crosses are the main genetic cause of the variation in 
weaning to oestrus interval. Aumaitre et aL (1976) demonstrated that crossbreeding 
was responsible for a marked reduction in the interval and found the heterotic effect 
to be significant. Fabmy et aL (1979) compared 28 crossed sows from eight breeds and 
showed that significant differences exist among crosses and breeds involved in 
producing these crosses. This factor has not been considered in the current model 
because of insufficient information. 
Nutrition 
Mullan and Williams (1988a) showed the weaning to conception interval of 
primiparous sows to be extended if the gilts suffered low lactation feeding and yet had 
adequate body reserves at the start of lactation (the interval rising from an average of 
13 to 23 days). Brooks and Cole (1972) found that primiparous sows fed 1.8 kg/day 
took significantly longer (21.6 ± 3.0 days) to return to oestrus than sows fed 3.6 kg 
feed/thy (9.2 ± 2.2 days). Johnston et aL (1986) suggested that feeding levels during 
lactation of 52.3 MJ ME/day or higher supported adequate rebreeding performance 
and postweaning feeding levels did not influence days to first oestrus. Brendemuhi et 
aL (1987) reported that sows fed 33.47 or 66.95 MJ of ME per sow per day during 
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lactation had no effect on the interval from weaning to oestrus. However, Johnston et 
aL (1989) concluded that timing of postweaning oestrus in primiparous sows was not 
dependent on a minimal threshold of body fat and the effects of lactation ME intake 
on the postweaning interval to oestrus are more pronounced than the effects of body 
fat. When feed intake during lactation was restricted to 2.0 kg/day, the interval 
between weaning and mating was increased by 50% regardless of the level of body 
reserves present at farrowing. King and Williams (1984a) compared lactation feeding 
levels of 2.0 and 4.47 kg/day and found that sows on the low level of feeding took 
longer to return to oestrus after weaning, while King and Dunkin (1986a) used six 
graded feeding levels in lactation and reported a delayed weaning to conception 
interval on the two lowest feeding levels (1.5 and 2.2 kg/day) but not on the others (2.9 
to 5.0 kg/day). King (1987) indicated that there is a critical level of energy intake 
during lactation (about 45 MJ DE/day), below which the weaning to oestrus interval is 
adversely affected by low energy intake even when supplies of protein and lysine are 
adequate. Reese et aL (1982) also found that restriction of energy intake in lactation 
delayed the onset of oestrus postweaning. 
King (1987) concluded that the substantial nitrogen losses sustained by lactating sows 
with low protein intake is the primaiy nutritional factor responsible for the prolonged 
weaning to oestrus interval of first-litter sows. Yang et aL (1989) reported that target 
fatness at parturition, and especially lactation feed intake, but not litter size, 
significantly influenced the interval (days) from weaning to oestrus in parity 1, while in 
subsequent parities only litter size influenced the interval from weaning to oestrus. 
Birth weight of piglets was influenced only marginally by target fatness at parturition 
in parity 1, and not by the other factors, or in subsequent parities. Svajgr et aL (1972) 
showed that diets poor in protein are responsible for the delay in return to oestrus, 
and in some extreme low protein, 2% in gestation and 5% in lactation, can cause 
complete failure to return to oestrus. 
Management 
Petchey and English (1980) found that when sows and their litters were grouped 21 
days after farrowing, the introduction of a boar 4 days later reduced the weaning to 
conception interval significantly. The interval was 5.8 days for sow exposed to the boar 
and 11.8 days for control sows. None of the sows exposed to the boar had a weaning to 
oestrus interval exceeding 9 days whereas in the control group 7 of 21 sows had an 
interval exceeding 10 days. Aumaitre et aL (1976) reported that the weaning to 
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conception of sows in France varies according to the season of farrowing: the average 
length is 15-20 days between October and June, and 26-30 days for the summer 
months. Hurtgen et aL (1980) concluded that postweaning and postservice oestrus 
activities in swine are influenced by season of the year and by parity. Fahniy et aL 
(1979) showed that sows nursing small litters recycle earlier than those nursing 
average or larger litters, but Brooks et aL (1975) found no relationship between litter 
size and the weaning to oestrus interval. Aumaitre et aL (1976) used 142333 litters of 
Large White, Landrace and crossbred in France to investigate the influence of breed 
and parity on weaning to conception interval and found a markedly high weaning to 
conception interval in all genetic group after the first litter, but it decreased slightly 
from litter to litter after the second farrowing. This relationship is shown in Figure 
4.7. The management factor which affects the weaning to conception interval has not 
been counted in the model since it is difficult to quantify. 
4.11.2.1 Estimation of weaning to conception interval In the model 
Whittemore and Morgan (1990) indicated that both the rate of sow body weight and of 
fat loss, and the absolute levels of body weight and body fat, showed influences on the 
weaning to conception interval. Many factors affect the interval between weaning and 
conception, but it is impossible to put all factors together in the modeL Whittemore 
and Morgan (1990) presented some empirical equations to determine the weaning to 
oestrus interval and Whittemore (unpublished) suggested that the weaning to oestrus 
interval (WO, day) is influenced by sow body fatness at weaning (P22, mm). 
WO1, = 29.3-2.03(P22) + 0.0433(P22)2 + n 
WOmult = 19.3-1.27(P22) + 0.0295(P22) 2 
where n is a number around 3 which reflects the commercial fact that weaning to 
oestrus interval is greater in gilts than that in sows independent of fatness. 
A reduction in conception rate will add days to interval between weaning and oestrus 
in the estimation of weaning to conception interval. It may be assumed all sows in 
oestrus are mated, but subsequent conception will range up to 90% dependent upon 
many factors, but primarily: (a) rate of loss of P2 fat in lactation (CP22, mm); (b) 
lactation length; and (c) disease and management. Because the factor (c) is not easy 
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Parity 
Fig. 4.7 Relation between parity and weaning to conception 
interval in purebred and crossbred sows(Aumaitre et a! 1976) 
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to accommodate, the model only estimates (a) and (b). The extra days difference 
(EXTRA, day) between weaning to oestrus interval and weaning to conception 
interval can be estimated from the following equations (Whittemore, unpublished): 
if CP22 < = 0 then EXTRA = -2(CP22)4 	 in first parity 
if CP22 < = 0 then EXTRA = -2(CP22)-6 in multi-parity 
if CP22 < = 0 and EXTRA <2 then EXTRA = 2 
WO=WO+EXTRA 
Cole et aL (1975) observed the relationship between lactation length and the interval 
from weaning to first oestrus and found that this interval was increased by 4.2 days 
with the reduction of lactation from 42 to 4 days. Svajgr et aL (1974) reported that 
average time between weaning and oestrus was 10.1, 8.2, 7.1 and 6.8 days for the four 
lactation groups (2, 13, 24, 35 days) respectively. Black et aL (1986) reviewed that the 
weaning to oestrus interval appeared to be affected little by length of lactation (AGE, 
day) and proposed that WO = 10-0.23AGE. The following equation is estimated from 
the data suggested by Whittemore (unpublished). 
if AGE>28 then WO=WO-1 else WO = WO + (8-0.2857AGE) 
For every kg protein lost from the body of the sow during the course of the lactation 
3.4 more days requires to be added to the weaning to oestrus interval (Whittemore, 
unpublished). 
if PT1>PT2 then WO=WO+3.4(VF1-PT2) 
Conception rate (CR, %) also affects the interval between weaning to conception; the 
extra days can be calculated as 35-0.37CR (Whittemore, unpublished). The weaning to 
conception interval (WC, day) is therefore: 
WC = WO + 35-0.37CR 
Feeding level between weaning and oestrus also affects the length of the weaning to 
conception. Change in days between weaning and oestrus (WCT, days) can therefore 
be estimated with the following equation (Whittemore, unpublished): 
WcT= 16-4(TF3)/WO 	 where WCT> =0 
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WC=WC+WCT 
where TF3 is total feed intake during the period of weaning to oestrus (kg). 
4.113 Nutrient requirement and nutrient retention 
All concepts described in the section of gestation can be used to predict the energy and 
protein utilisation by the sow between weaning and conception. The difference is that 
fat and protein growth during weaning to conception interval must be without uterus 
and mammary gland. 
4.11.4 The carcass composition and maternal liveweight at the end of the each day of 
weaning to conception interval 
Yang et aL (1989) reported that change in P2 (mm) in weaning to conception interval 
is dependent upon P2 at weaning (P22, mm): 
change in P2 (mm) = 1.96-0.219(P22) 
Yang et aL (1989) also reported that change in maternal liveweight (kg) in weaning to 
conception interval is a function of maternal liveweight at weaning (W2, kg): 
change in maternal liveweight (kg) = 28.4-0.712(W2) 
In the factorial model, chemical mass can be accumulated during the course of 
simulation through to conception. Change in maternal liveweight and change in P2 




W=FT+LT+ 8.21(VF) 789 
P23 =(LT+20.4-O.21W)/1.5 
CP23 = P23-P22 
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where FF3, LT3, P22, P23 and CP23 are the total protein mass of the sow (kg), the 
total lipid mass of the sow (kg), P2 at weaning, P2 at conception and change in P2 
during weaning to conception interval (mm) respectively. 
4.12 Synthesis of a system to predict nutrient utilisation by breeding sows 
The following framework for response prediction is drawn from the previous 
discussion, and forms the key points of the computer program of the Edinburgh Model 
Sow V1.0. Table 4.8 shows the symbols used in the modeL 
Table 4.8 Key to notation used in equations 
Symbol 	Meaning represented 
A 	A scalar to evaluate potential milk yield 
AA Amino acid contents of the food (g/kg) 
AAA 	Available amino acid of the food (g/kg) 
AGE The stage of lactation (days) 
ARP 	The daily ash retention of the piglet (kg/day) 
ASH Food ash content (kg/kg) 
ATP 	The total ash mass of the piglet (kg/day) 
B Growth rate parameter 
BAL 	Balanced amino acid contents (g) per kg ideal protein 
BB The rate at which the relative growth rate of the mammary gland 
decreases with size 
CF 	Crude fibre contents of the food (kg/kg) 
CL Crude lipid contents of the food (kg/kg) 
COE 	Protein ileal digestibility coefficient 
COST The price of the diet (/tonne) 
CP 	Crude protein contents of the food (kg/kg) 
CP21 Change in P2 during gestation (mm) 
CP22 	Change in P2 during lactation (mm) 
CP23 Change in P2 during weaning to conception interval (mm) 
CR 	Conception rate (%) 
CS Condition score 
DCP 	Digested crude protein intake (kg/day) 
DCPC Digestible crude protein contents of the food (kg/kg) 
DE 	Digestible energy contents of the food (Mi/kg) 
DEl Digestible energy intake (Mi/day) 
EH1 	Energy cost of cold thermogenesis (MJ/day) 
EL Energy requirements for milk (Mi/day) 
ELR 	Energy available for lipid retention (Mi/day) 
EM Energy requirements for maintenance of the sow (MJ/day) 
EMAM Energy requirements for mammary gland (Mi/day) 
EMI[LK Energy contents in sow's milk (Mi/day) 
EMP 	Energy requirements for maintenance of the piglet (Mi/day) 
EPF Protein-free digestible energy (Mi/day) 
EPR 	Energy requirements for protein retention (Mi/day) 
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EUM 	Energy requirements for uterus and mammary gland (MJ/day) 
EUT Energy requirements for uterus (MJ/day) 
F! 	Feed intake (kg/day) 
G Initial state of the degree of maturity of the mammary system at 
parturition 
IDIG 	fleal digestibility coefficient for amino acids 
1FF Total utilisable ideal protein of the food (kg/kg) 
KK 	A parameter of the decay in milk yield with time 
LMW Logarithm of mammary weight (g) 
LR 	The daily lipid retention of the sow (kg/day) 
LRP The daily lipid retention of the piglet (kg/day) 
IS 	Utter size 
LT The total lipid mass of the sow (kg) 
LT1 	The total lipid mass of the sow at parturition (kg) 
LT2 The total lipid mass of the sow (kg) at weaning 
LT3 	The total lipid mass of the sow (kg) at conception 
LTP The total lipid mass of the piglet (kg) 
LUW 	Logarithm of uterus weight (g) 
ME Metabolisable energy contents of the food (MJ/kg) 
ME! 	Effective metabolised energy intake (MJ/day) 
MW Mammary weight (kg) 
NFE 	Nitrogen-free extractives of the food (kg/kg) 
P2 The fat depth (mm) at 65mm from the mid-line at last rib 
P21 	P2 (mm) at parturition 
P22 P2 (mm) at weaning 
P23 	P2 (mm) at conception 
PCRU Piglets crushed per litter 
PD 	Protein deaminated (kg/day) 
PIGDG Piglet potential daily gain (kg/day) 
PIGDG1 Piglet daily gain (kg/day) 
PL 	Protein requirements for milk (kg/day) 
PLOST Piglets lost from disease 
PM 	Protein requirements for maintenance of the sow (kg/day) 
PMILK Protein contents in sow's milk (kg/day) 
PMP 	Protein requirements for maintenance of the piglet (kg/day) 
PR The daily protein retention of the sow (kg/day) 
PREGN The stage of pregnancy (day) 
PRM 	Maximum protein retention of the sow (kg/day) 
PRMAM Daily protein retention in mammary gland (kg/day) 
PRMP 	Maximum protein retention of the piglet (kg/day) 
PRP The daily protein retention of the piglet (kg/day) 
PRUT 	Daily protein retention in uterus (kg/day) 
PT The total protein mass of the sow (kg) 
FF1 	The total protein mass of the sow at parturition (kg) 
FF2 The total protein mass of the sow at weaning (kg) 
PD 	The total protein mass of the sow at conception (kg) 
VFM The mature total protein mass (kg) 
PTMAM The total protein mass of the mammary gland (kg) 
VIP 	The total protein mass of the piglet (kg) 
FFUT The total protein mass of the uterus (kg) 
QD 	The energy yield from protein deamination (MJ/day) 
SO WAGE The sow's age at conception (days) 
SUMAAA Total available amino acids from the food (kg/kg) 
SURVE Piglet survivability 
TC 	Critical temperature 
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TE 	Effective environmental temperature 
TEMP Temporal value 
TF1 	Total feed intake during gestation (kg) 
TF2 Total feed intake during lactation (kg) 
TF3 	Total feed intake between weaning and oestrus (kg) 
TH House temperature 
TSTAR The point of maximum growth rate 
U 	A representation of the growth or development of milk secretory potential 
UNUTIL Total unutilisable amino acids from the food (kg/kg) 
UTIL 	Utilisation coefficient for digested amino acids 
UW Uterus weight (kg) 
VE 	Score for rate of air movement and degree of insulation 
VL Score for floor type in lying area 
W 	Maternal body weight (kg) 
Wi Maternal body weight (kg) at parturition 
W2 	Maternal body weight (kg) at weaning 
W3 Maternal body weight (kg) at conception 
WATER Moisture contents of the food (kg/kg) 
WB 	Piglet birth weight (kg) 
WC Weaning to conception interval (days) 
WCT 	Change in days between weaning and oestrus (days) 
WEP The empty body weight of the piglet (kg) 
WO 	The stage of weaning to oestrus (days) 
WP Piglet body weight (kg) 
WPLF 	Protein and lipid free live body weight of the sow (kg) 
WS Maternal body weight (kg) at start 
WW 	Maternal weight excluding uterus and mammary gland in gestation (kg) 
Y Milk yield by the sow (kg/day) 
YD 	Piglet milk demand (kg/day/litter) 
YP Lactation curve (kg/day) 
YTP - 	Total body water of the piglet (kg) 
Step 1. Definition of the Initial condition of the sow 
1.1 Genetic quality: 
	
improved, commercial or utility 
12 Prolificacy: 
	
low, medium, good or excellent (see Table 4.3) 
13 Conception rate (%) 
1.4 Age at first mating 
1.5 Liveweight at first mating 
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1.6 P2 at first conception (mm) or condition score (CS) 
P2 = 2.9CS-O.7 	 or as input 
P23 = P2 
Step 2. DefinitIon of the diet 
2.1 Feed composition and feed price 
CF, CP, CL, ASH, WATER, DE, DIG, IJTIL, COE, AA and COST 
2.2 PredIcted DE 
NFE= 1-(CF+CP+CL+ASH-f- WATER) 
ME(MJ/kg) = 18CP+ 3 1.5CL- 14.9CF+ 16.3NFE 
DCPC= (COE)(CP) 
DE=ME+5.63DCPC 	 or as input 
23 Utllisable Ideal protein (IPT) 
SMAAA=0 
FOR 1=1 TO 10 
AAA(i) =AA(i)(IDIG(i))(U11L(i)) 
SUMAAA = SUMAAA-4-AAA(i)/1000 
NEXT I 
IPT= minimum value of AAA(i)/BAL(i) 
2.4 Unutilisable Ideal protein (UNUTIL) 
UNUTIL=0 
FOR 1=1 TO 10 
UNu'rLL= UNTJTIL+AA(i)(IDIG(i))(1-UTIL(i))/1000 
NEXT I 
Step 3. Set the feeding regime: 	ad libitwn or constrained feed intake 
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Step 4. DefinitIon of the sales and overheads 
Sales of weaned pig, fixed cost and variable cost. 
Step 5. DefinitIon of the housing environment 
5.1 Effective temperature (TE): 	TE = (Th)(VE)(VL) 
5.2 Determine degree of piglet protection from crushing: 	see Table 4.5. 
53 Determine degree of piglet disease challenge: 	 see Table 4.6. 
Step 6. The lipid mass and protein mass of the sow at the start of the model 
LT = -20.4 + 0.21W+ 1.5(P2) 
PT = -2.3 + 0. 19W-0.22(P2) 
WPLF = 8.21PT 789 
WS=VF+LT+WPLF 
If WS> <W then PT=PT-((WS-W)/(1+WPLF/PT)), return to calculate WPLF and 
wS. 
Step 7. EstimatIon of the litter size 
7.1 Estimation of the litter size according to genetic quality 	see Table 4.3. 
7.2 Adjustment of the litter size according to parity 	 see Table 4.4. 
73 Adjustment of the litter size according to weaning to conception Interval (only 
used in multi-parity) 
if WC< =19 then LS=LS-1.5 
if WC> =47 then LS=LS -0 .5 
if 19<WC<47 then LS=LS+(-3.196+0.089WC) 
7.4 Adjustment of the litter size according to P2 at conception 
TEMP=-2.76+0.392(P23)-0.0109(P23) 2 	where -1< =TEMP< = 1 
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LS = LS + TEMP 
Step 8. Simulation of nutrient utilisation by the sow in gestation 
8.1 Feed Intake 
FI=0.11W075 	 if LT<PT 
FI=0.iW075 if PT< =LT< 1.3FF 
FI=0.09W° 75 	 if 13PT< =LT< 1.8FF 
FI=0.08W° 75 if LT> = 1.8FF 
or as input, but can not exceed predicted feed intake. 
8.2 Digestible energy Intake (DEl) and digested crude protein (DCP) 
DEl = (DE)(FI) 
DCP = (DCPC)(Fl) 
8.3 Estimation of the possibility for protein retention (PR) 
PRUT= (3.606e026PGN)/1000 
PRMAM = (0.O38e059GN)/1000 
PM = 0.004(FF+ PTUT+ FFMAM) 
PRM = (B)(FF)log(FFM/PT) 
PR = (WF)(Fl)-(PM + PRUT+ PRMAM) 	where PR < = PRM 
8.4 DetermInation of energy requirements for uterus, mammary gland and 
maintenance 
EUT=0.107eO.O27PREGN  
EMAM = 0.1 15e°° 16PREGN 
EUM = (EUT+ EMAM)/0.65 
EM = 2.5(FF+ PTUT+ PTMAM)0 .65 
83 ME available (ME!) 
EPF = DEI-23.6DCP 
PD=(UNU1TL+SUMAAA)(FI)-PR 	where PD> =0 
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QD = 23.6PD.(7.2PD + 4.9PD) 
MEl = QD + 23.6(PR+ PRUT+ PRMAM) + EPF 
8.6 Determination of energy requirements for protein retention (EPR) 
EPR=36.4PR+23.6PR 
8.7 Deterinintlon of energy requirements for cold thermogenesis (EH1) 
TC = 20-(MEI/W 75-EM/W075)/0.08 
EH1 =0.018W075(TC-TE) 	 where EH1> =0 
8.8 Recalculate feed intake (only used in the section of predicted feed intake) 
FI=FI-0.001W(TE-TC) 	 if TC<TE 
Fl=(MEI+EH1)/(DE-5.63DCPC) 	if TC>TE 
if FT has been changed then return to 8.2. 
8.9 DeterminatIon of energy available for lipid retention (ELR) 
ELR= MEI.(EM+ EPR+ EUM + EH1) 
8.10 EstimatIon of the possibifities for lipid retention (LR) 
LR = ELR/(13.9 + 39.6) 
	
if ELR> =0 
LR = ELR/39.6/0.8 if ELR<0 
8.11 Determination of the growth of uterus and mammpry gland 
LUW= 8.745l9-1.59844e( 05407(-'15)) + 0.00006ME(TF1) + 0.09745LS 
uw= e'--'/1000 
LMW = 5.16091 + 0.07997e(O4576(EG 45)) + 0.05225ME(TF1)/PREGN 
MW = e1M'/1000 
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8.12 Estimation of new values for composition of the body at the end of the first day 
of gestation 
FrUT= PTLJT+ PRUT 




W = WW + UW + MW 
8.13 Assignment of new values 
8.13.1 Values originally assigned in 8.1, updated according to the current values now 
found at 8.12. 
8.132 Return to 8.1. 
8.133 Continue until parturition 
8.14 P2 at parturition (P21) and change in P2 (CP21) 
P21 = (LT+ 20.4-0.21WW)/ 1.5 
CP21 =P21-P23 
Step 9. Assignment of new values of the sow to lactation 




P2 = P21 
Step 10. Estimation of piglet birth weight (WB) 
WB = 0.89 + O.0131(DE)(TF1)/PREGN 
TEMP = -0.0066 + 0.0482LS-0.00473LS2 	where -0.35< = TEMP < = 0.11 
WB=WB+TEMP 
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Step 11. Estimation of piglet suivlvability (SURVE) 
SURVE = (144WB-36.6WB2-42.02)/ 100 	where 0< =SURVE< = 1 
Step 12. Adjustment of the litter size according to survivability, protection score and 
disease challenge 
LS=(IS)(SURVE)-PCRU-PLOST 	where LS> =0 
Step 13. Piglet carcass composition at birth 
WEP=WB/1.05 
ATP = 0.024WB =ATP1 
LTP = 0.O13WB = LTP1 
PTP=0.12WB 
YTP = 49(iFP)0855 
WEP=PTP+LTP+ATP+YTP 
WP= 1.05(WEP) 
If WP> <WB then PTP=PTP-((WP-WB)/(1+YTP/PTP))=PTP1, return to calculate 
YTP, WEP and WP. 
Step 14. Simulation of nutrient utilisation by the sow and piglet growth in lactation 
14.1 Feed intake 
FI=0.1wO.75 if LS<6 
n=0.11w0•75 if 6<=LS<7 
FI=0.12W° 75 if 7<=LS<8 
FI=0.13W075 if LS=8 
FI=0.14W075 ifLS>8 
or as input, but can not exceed predicted feed intake. 
14.2 Digestible energy intake (DEl) and digested crude protein (DCP) 
DEl = (DE)(FI) 
DCP = (DCPC)(FI) 
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143 Determination of energy requirements for maintenance (EM) 
EM = 2.5(FF-f VFM.AM)O• 65 
14.4 ME available (ME!) 
ME! = (DE-5.63DCPC)(FI) 
143 Determination of energy requirements for cold thermogenesis (EH1) 
TC = 2O(MiEI/W 75 EM/Wth75)/O.O8 
EH1 = O.018W° 75(TC-TE) 	 where EH1> = 0 
14.6 Recalculate feed intake (only used in the section of predicted feed intake) 
Fl = FI-O.001W(TE-TC) 	 if TC < TE 
FI=(MEI+ EH1)/(DE-5.63DCPC) 	if TC>TE 
if Fl has been changed then return to 14.4. 
14.7 Lactation curve 
TEMP = e BB(AG13)) 
U=eThMP 
YP = (A)e(A))(U) 
14.8 Piglet potential growth 
TSTAR =log(-log(WB/300))/B 
mrp = e(AG1STA1)) 
WTEMP = 300eThMP 
PIGDG = (B)(WTEMP)1og(300/WTEMP) 
14.9 Piglet milk demand (YD) and milk yield (Y) 
YD = 4(LS)(PIGDG) 
Y=YD 	 if YP>YD 
Y=YP if YP<=YD 
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14.10 Energy and ideal protein requirements for milk 
EMILK=5.4Y 
PMILK= (Y)(59.8-0.57AGE + 0.0148AGE 2)/1000 
EL = EMLLK/0.7 
PL = PMILK/0.85 
14.11 Estimation of the possibility for protein retention or protein loss 
PM = 0.004(PT+ FTMAM) 
PRM = (B)(PT)log(PTM/VF) 
if (IPT)(FI)-(PM+PMTLK)>0 then PR=(IPT)(FI)-(PM+PMILK) else 
PR=(IPT)(FI)-(PM+PL) 	 where PR< =PRM 
if PR <-0.25 then Y = Y-0.04, return to 14.10. 
14.12 Estimation of the possibifities for lipid retention or lipid loss 
EPR=36.4PR+23.6PR 	 if PR> =0 
EPR = 0.85(23.6PR) if PR <0 
ELR=MEI-(EM+EL+EPR+EH1) 
LR = ELR/( 13.9 + 39.6) 	 if ELR> = 0 
LR = ELR/39.6/0.8 if ELR <0 
14.13 Adjustment of milk yield according to the ratio of lipid mass and protein maSs, 
and lipid retention of the lactating sow 
if LT/PT <0.7 and LR <0 then Y = Y-0.04 
if LT/VF> = 0.7 and LT/PT <1 and LR <-0.15 then Y = Y-0.04 
if LT/FT> = 1 and LT/PT< 1.3 and LR<-0.25 then Y=Y-0.04 
if LT/PT> = 1.3 and LT/PT< 1.6 and LR<-O.5 then Y=Y-0.04 
if LT/PT> = 1.6 and LT/PT< 1.9 and LR<-0.75 then Y=Y-0.04 
if LT/PT> =1.9 and LR<-1 then Y=Y-0.04 
if Y has been changed then return to 14.10. 






EMP = 498(WPO•75)/1000 
PMP= O.34(WPO.75)(6.25)/1000 
PRMP = (B)(PTP)log(FTM/PTP) 
PRP = (PMILK/LS-PMP)(O.9) 	 where PRP < = PRMP 





YTP = 49(PJP)O.855 
WEP=PTP+LTP+ATP+YTP 
WP= 1.05 WEP 
if PIGDG<(WP-W1P) then PRP=PRP-0.001, return to calculate LRP, ARP, PTP, 
LTP, ATP, YTP, WEP and WP. 
PIGDG1 =WP-W1P 




W = PT+ LT+ 8.21(PT) 789 
14.17 AssIgnment of new values 
14.17.1 Values originally assigned in 14.1, updated according to the current values now 
found at 14.15 and 14.16. 
14.17.2 Return to 14.1. 
14.17.3 Continue until weaning 
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14.18 P2 at weaning (P22) and change in P2 (CP22) 
P22 = (LT+ 20.4-0.21W)/1.5 
CP22 = P22-P21 
Step 15. Assignment of new values of the sow to weaning to conception interval 
W2 = W 
W=W2-MW 
PT = prj 
LT=LT2 
P2 = P22 
Step 16. Estimation of weaning to oestrus interval (WO) 
pr
im  = 29.3-2.03(P2) + 0.0433(P2)2 + 3 
WOmult = 19.3- 1.27(P2) + 0.0295(P2)2 
if AGE>28 then WO=WO-1 else WO = WO + (8-0.2857AGE) 
if PT1>P72 then WO = WO + 3.4(PT1-PT2) 
if CP22 < = 0 then TEMP = -2(CP22)4 	 in first parity 
if CP22 < = 0 then TEMP = -2(CP22)-6 in multi-parity 
if CP22<=0 and TEMP<2 then TEMP=2 
WO=WO+TEMP 
Step 17. Estimation of extra days between mating and conception 
WC = WO + 35-0.37CR 
WCT= 164(TF3)/WO 	 where WCT> =0 
wc=wc+wcr 
Step 18. Simulation of nutrient utifisation by the sow in weaning to conception 
interval 
18.1 Feed intake 
vi=0.11wO.75 	 if LT<PT 
FI=o.1w0•75 if PT<=LT<1.3FF 
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FL = 0.09 W° 75 
	
if 1.3PT< =LT< 1.8PT 
FI=0.08W° 75 	 if LT> = 1.8PT 
or as input, but can not exceed predicted feed intake. 
18.2 DIgestible energy Intake (DEl) and digested crude protein (DCP) 
DEl = (DE)(Fl) 
DCP = (DCPC)(FI) 
18.3 Estimation of the possibility for protein retention (PR) 
PM = 0.004PT 
PRM = (B)(PT)log(PTM/PT) 
PR=(IPT)(FI)-PM 	 where PR< =PRM 
18.4 Determination of energy requirements for maintenance (EM) 
EM = 2.5(PT)065 
185 ME available (ME!) 
EPF = DEI-23.6DCP 
PD=(UNUTIL+SUMAAA)(FI)-PR 	where PD> =0 
QD = 23.6PD-(7.2PD + 4.9PD) 
MEI=QD+23.6PR+EPF 
18.6 Determinidion of energy requirements for protein retention (EPR) 
EPR=36.4PR+23.6PR 
18.7 Determination of energy requirements for cold thermogenesis (EH1) 
TC = 20-(MEI/W075-EM/W 75)/0.08 
EH1 = 0.018W° 75(TC-TE) 	 where EH1> = 0 
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18.8 Recalculate feed Intake (only used in the section of predicted feed intake) 
FI=FI-0.001W(TE-TC) 	 if TC<TE 
F1=(MEI+EH1)/(DE-5.63DCPC) 	if TC>TE 
if FL has been changed then return to 18.2. 
18.9 Determinition of energy available for lipid retention (ELR) 
ELR = MEI-(EM + EPR + EH1) 
18.10 Esthnatlon of the posslbffities for lipid retention (LR) 
LR=ELR/(13.9+39.6) 	 if ELR> =0 
LR=ELR/39.6/0.8 if ELR<0 
18.11 Estimation of new values for composition of the body at the end of the each day 
of weaning to conception interval 
PT= FF+PR= FF3 
LT=LT+LR=LT3 
W= VF+LT+ 8.21(PT) 0789 
18.12 Assignment of new values 
18.12.1 Values originally assigned in 18.1, updated according to the current values now 
found at 18.11. 
18.12.2 Return to 18.1. 
18.123 Continue until conception 
18.13 P2 at conception (P23) and change In P2 (CP23) 
P23 = (LT+ 20.4-0.21W)/1.5 
CP23 = P23-P22 
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Step 19. Calculation of sow age 
SO WAGE = SO WAGE + PREGN+AGE + WC 
Step 20. Assignment of new values to next parity 
20.1 Values originally assigned in the first parity, updated according to the current 
values now found at the end of conception. 
20.2 Return to Step 7. 
203 Continue until intended parity 
4.13 Economic assessment 
In pig production, it is wrong to place too great an emphasis on maximising animal 
productivity without at the same time carefully examining the marginal costs of 
production. Any decision on the optimum level of feeding to be adopted must include 
an assessment of the financial implications of the systems under consideration. It is 
worth considering the response in money terms. In order to act as an aid to the pig 
producer or decision-maker, the model sow asks for information about sale of weaned 
pigs, fixed cost and variable cost (veterinary and medicine; electricity, gas and water; 
bedding and other miscellaneous) per sow per year in order to calculate net margin 
per sow per year. A financial report is thus reproduced. 
4.14 Example runs 
To run the model sow, information about the initial condition of the sow, the diets and 
feeding regimes used during gestation, lactation and weaning to conception interval, 
sale of weaned pigs, overheads and the housing environment is required. It is difficult 
to obtain all this information from published experiments. Therefore, some 
assumptions have to be made. The genotype of the sow used in the following example 
was an improved type and excellent prolificacy, the sow had a conception rate of 80%; 
age, liveweight and P2 backfat depth for the sow at first mating were 240 days, 140 kg 
and 18 mm respectively. The sow consumed the same diet of 130 g CP/kg and 13.0 
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MJ DE/kg in gestation and weaning to conception interval, but a different diet of 160 
g CP/kg, 13.01 MJ DE/kg in lactation. Constant feed was given for the sow in 
gestation (2.5 kg) and also in weaning to conception interval (2.5 kg), the lactating sow 
was fed ad libigum. It was assumed that the value of the 28-day weaned pig was 
£15.00/head, fixed cost and variable cost per sow per year were £4.00 and £53.75 
respectively. The temperature in the gestation and lactation house was 18 0C, but 
200C in the house between weaning and conception. The sow was housed under a 
good management system in terms of protection score, 5; and disease challenge, 1. 
Piglets were weaned at age of 28 days. Other specifications are described in Table 4.9. 
According to the input specifications, the model sow predicts on a daily basis: changes 
in P2 backfat and liveweight, energy and protein requirements for maintenance, 
energy cost for cold thermogenesis, tissue retention during gestation, lactation and 
weaning to conception interval over a period up to eight parities. The model also 
predicts energy and protein requirements for uterus and mammary gland, milk yield, 
energy cost and ideal protein requirements for sow's milk, piglet birth weight, number 
of piglets born, piglet growth rate, tissue retention, survivability and weaning weight. 
These predicted values of tissue change, reproductive performance and financial 
response over six parities for the sow during gestation, lactation and weaning to 
conception interval are shown in Table 4.10. In this particular case, the sow reached 
maximum profit at parity 5 if only assess from net margin per sow per year. The sow 
at parity 5 showed a highest litter size, but a lowest piglet survivability and weaning 
weight. 
Table 4.9 The input report of the Edinburgh Model Sow V1.0 
1. INiTIALISATION OF THE SOW 
Sow quality 	 improved 
Sow prolificacy excellent 
Conception rate (%) 	 80 
Age at first mating (days) 	 240 
Live weight at first mating (kg) 	 140 
P2 at first mating (mm) 	 18 
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2. FEED DETAILS 
Gestation Lactation Interval 
Crude fibre (g/kg) 40.000 40.000 40.000 
Crude protein (g/kg) 130.000 160.000 130.000 
Ash (g/kg) 60.000 60.000 60.000 
Crude lipid (g/kg) 50.000 49.000 50.000 
Moisture (g/kg) 120.000 120.000 120.000 
Feed cost (pounds/tonne) 140.000 150.000 140.000 
Digestible energy (MJ/kg) 13.000 13.010 13.000 
Protein ileal dig. coefficient 0.750 0.750 0.750 
Utilisation coefficient 0.850 0.850 0.850 
Utilisable ideal protein (kg) 0.078 0.097 0.078 
FEEDING REGIMES 
GESTATION 
Regime type: p(redicted feed intake, c(onstant allowance or increment weekly 
v(arying weekly rations 	 c 
Wastage (%) 	 2.00 
Start allowance offered (kg) 	 2.50 
Maximum allowance offered (kg) 	 2.50 
Increment (kg) each week 	 0.00 
LACFATION 





- ---- WEANING TO CONCEPTION 
Regime type: p(redicted feed intake, c(onstant allowance or increment daily 
c 
Wastage (%) 	 2.00 
Start allowance offered 	 2.50 
Maximum allowance offered (kg) 	 2.50 
Increment (kg) each day 	 0.00 
SALES AND OVERHEADS 
Sale of weaned pig (pounds) ...........15.00 
Fixed cost (pounds/sow/year) ..........4.00 
Variable cost (pounds/sow/year) ..........53.75 
Veterinary and medicine (pounds/sow/year) ..........20.00 
Electricity, gas, water (pounds/sow/year) ..........18.00 
Bedding (pounds/sow/year) ..........3.25 
Other miscellaneous (pounds/sow/year) ..........1230 
HOUSING 
Gestation Lactation Interval 
Outside temperature (degree C) 25.0 23.0 22.0 
House temperature (degree C) 18.0 18.0 20.0 
Rate of air movement and degree of insulation 2 3 3 
Floor type in lying area 3 3 4 
Protection score 5 
Disease challenge 1 
Weaning age of piglets (days) 28 
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Table 4.10 The simulation results of the Edinburgh Model Sow V1.0 
SOW REPORT 	(Parity) 1 2 3 4 5 6 
IN GESTATION 
Pregnancy period (days) 115.00 115.00 115.00 115.00 115.00 115.00 
Total feed intake (kg) 280.02 281.75 281.75 281.75 281.75 281.75 
Feed intake (kg/thy) 2.43 2.45 2.45 2.45 2.45 2.45 
Change in P2 (mm) 0.55 0.14 0.67 1.57 1.74 1.77 
P2 (mm) at parturition 18.55 14.03 11.50 11.30 11.55 11.93 
Change in live body weight (kg) 70.82 50.87 37.15 32.20 32.42 31.19 
Maternal weight (kg) at parturition 210.82 232.07 244.39 248.15 250.42 250.17 
Protein retention (g/thy) 62.62 34.63 10.74 -1.78 -4.07 -4.45 
Lipid retention (g/day) 81.44 40.65 22.60 24.04 24.40 24.46 
Cold thermogenesis (MJ/day) 0.00 0.00 0.00 0.00 0.00 0.00 
Energy for maintenance (MJ/day) 20.11 23.81 25.92 26.44 26.53 26.55 
Protein for maintenance (g/day) 99.14 128.30 146.12 150.67 151.46 151.59 
Uterus weight (kg) 24.04 23.50 23.40 24.12 25.36 24.30 
Energy for uterus (MJ/day) 0.74 0.74 0.74 0.74 0.74 0.74 
Protein for uterus (g/day) 23.07 23.07 23.07 23.07 23.07 23.07 
Mammary weight (kg) 6.08 6.14 6.14 6.14 6.14 6.14 
Energy for mammary gland (MJ/day) 0.33 0.33 0.33 0.33 0.33 0.33 
Protein for mammary gland (g/day) 5.10 5.10 5.10 5.10 5.10 5.10 
------IN LACTATION -------------------- 
Lactation period (days) 28.00 28.00 28.00 28.00 28.00 28.00 
Total feed intake (kg) 140.89 153.25 159.30 160.63 161.06 161.35 
Feed intake (kg/day) 5.03 5.47 5.69 5.74 5.75 5.76 
Change in P2 (mm) -3.98 -2.51 -1.27 -1.05 -0.95 -0.95 
P2 (mm) at weaning 14.57 11.52 10.23 10.26 10.60 10.97 
Change in live body weight (kg) -37.50 -27.07 -28.83 -30.18 -31.40 -30.38 
Maternal weight (kg) at weaning 173.32 205.00 215.56 217.98 219.02 219.78 
Protein retention (g/day) 1.18 50.53 21.80 14.50 13.28 13.08 
Lipid retention (g/day) 	 -268.39 -115.21 -62.85 -55.32 -49.98 -50.68 
Cold thermogenesis (MJ/day) 0.00 0.00 0.00 0.00 0.00 0.00 
Energy for maintenance (MJ/day) 21.73 24.51 25.88 26.14 26.18 26.19 
Protein for maintenance (g/day) 111.39 134.08 145.74 147.98 148.36 148.42 
Milk yield (kg/day) 6.01 5.50 5.62 5.68 5.68 5.70 
Energy for milk (MJ/day) 46.40 42.44 43.38 43.79 43.78 43.93 
Ideal Protein for milk (g/day) 391.12 358.18 366.01 369.38 369.30 370.61 
IN WEANTNG TO CONCEPTION INTERVAL ---------- 
Interval (days) 21.00 15.00 16.00 16.00 16.00 16.00 
Total feed intake (kg) 51.45 36.75 39.20 39.20 39.20. 39.20 
Feed intake (kg/day) 2.45 2.45 2.45 2.45 2.45 2.45 
Change in P2 (mm) -0.69 -0.68 -0.50 -0.45 -0.45 -0.45 
P2 (mm) at conception 13.88 10.84 9.73 9.81 10.16 10.52 
Change in live body weight (kg) 7.88 2.24 0.39 0.02 -0.04 -0.06 
Maternal weight (kg) at conception 181.20 207.24 215.95 218.00 218.97 219.72 
Protein retention (g/day) 81.78 45.63 16.30 10.80 9.88 9.73 
Lipid retention (g/thy) 29.85 -36.87 -41.47 -42.10 -42.47 -42.80 
Cold thermogenesis (MJ/day) 1.66 2.90 3.37 3.46 3.48 3.49 
Energy for maintenance (MJ/day) 21.47 24.71 25.80 26.00 26.03 26.03 
Protein for maintenance (g/day) 109.32 135.78 145.09 146.77 147.04 147.09 
Age of the sow (days) 404.00 562.00 721.00 880.00 1039.00 1198.00 
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PIGLET REPORT 	(Parity) 	1 	2 	3 	4 	5 	6 
Piglet birth weight (kg) 1.20 1.21 1.22 1.20 1.16 1.19 
Utter size 8.34 8.27 8.25 836 8.51 8.39 
Piglet growth rate (g/day) 185.29 174.38 179.06 177.91 174.75 177.84 
Protein retention (g/day/piglet) 22.33 21.48 22.04 21.82 21.36 21.78 
Lipid retention (g/day/piglet) 43.07 37.53 38.91 38.91 38.29 39.01 
Ash retention (g/day/piglet) 4.69 4.51 4.63 438 4.48 4.57 
Water retention (g/day/piglet) 10638 102.55 104.96 104.12 102.31 104.00 
Piglet survivability (%) 77.81 78.84 79.00 77.88 75.86 77.60 
Weaning weight (kg) 6.38 6.10 6.23 6.18 6.05 6.17 
Utter birth weight (kg) 9.97 10.03 10.04 10.01 9.88 9.99 
Utter weight at weaning (kg) 53.22 50.40 51.39 51.66 5132 51.76 
FINANCIAL REPORT 	(Parity) 1 2 3 4 5 6 
Utter number/sow/year 2.23 2.31 2.30 2.30 2.30 2.30 
Piglets/sow/year 18.56 19.10 18.94 19.20 19.54 19.25 
Piglet value at weaning (pounds) 15.00 15.00 15.00 15.00 15.00 15.00 
Total feed intake (kg/cycle) 47237 471.75 480.25 481.58 482.01 482.30 
Total feed used (kg/cycle) 483.71 481.32 489.98 49135 491.79 492.08 
Total feed cost (pounds/cycle) 69.16 68.95 70.22 70.43 70.49 70.54 
Total feed used (kg/year) 1076.55 1111.91 1124.81 1127.93 1128.94 1129.62 
Total feed cost (pounds/year) 153.92 159.28 161.20 161.67 161.82 161.92 
Gross marghi/sow/year (pounds) 70.68 73.43 69.09 72.54 77.46 73.12 
Net margin/sow/year (pounds) 68.68 69.43 65.09 68.54 73.46 69.12 
4.15 Validation of the model 
This model is largely deductive so that the predicted result must be validated. 
However, it is difficult to validate such a comprehensive model since no one published 
experiment can covers all the possible variations. Therefore, look at one bit at a time 
and five comparisons were given as follows. 
4.15.1 Effect of temperature on the voluntary feed intake by the lactating sow 
The temperature of the environment has a significant effect on sow feed intake 
(Sugahara et aL, 1970; Lynch, 1977; Nichols et aL, 1980; Close, 1980; O'Grady et al., 
1985; Stansbury et aL, 1987; Smith et aL, 1988; Whittemore and Morgan, 1990). Three 
temperature (16, 21,27 0C) were used in the lactating house to investigate the effect of 
temperature on the voluntary feed intake by the lactating sow. The lactating house in 
this study was insulated and draughty. The floor was slatted with draughts under the 
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lying area. Other specifications were the same as those in Table 4.9. Predicted feed 
intake by the breeding sow fell by 14.56% from 5.22 to 4.46 kg/day when temperature 
was increased from 21 0C to 270C, and fell by 24.15% from 5.88 to 4.46 when 
temperature was increased from 16 0C to 270C. This is agreed by O'Grady et al. 
(1985) who reported that feed intake fell by 12% from 5.2 to 4.6 kg/day when air 
temperature was increased from 21 0C to 270C, and fell by 25% from 5.6 to 4.2 when 
temperature was increased from 16 0C to 270C. 
4.15.2 Effect of feeding level during gestation on change in liveweight and P2 backfat 
in lactation 
Three feeding levels (Group-A, 1.5 kg; Group B, 2.0 kg; and Group C, 2.4 kg) of the 
diet (120 g CP/kg, 13.9 MJ/kg) were used for the gestating gilt (140 kg at mating with 
18 mm of P2 backfat) to compare the maternal body weight and P2 backfat changes in 
the following lactation. Other specifications were the same as those in Table 4.9. A 
summary of the predicted response is shown in Table 4.11. This shows that the sow in 
the Group-C during gestation gained more liveweight but the sow in the Group-A lost 
more weight than other two groups. This response result is consistent with the result 
from Elsley et aL (1969) who found that sow liveweight gains in pregnancy were 
directly related to feed intake. 
Table 4.11 also shows that low level of feed (Group-A) during pregnancy reduced 
piglet birth weight and weaning. This is in agreement with the results from O'Grady 
(1967) Elsley (1968) and Elsley et al. (1969). The predicted values show that sow 
lactation weight and fat losses were positively related to litter weight at weaning, 
Whittemore, Smith and Phillips (1988) also reported the same result. The maternal 
weight and fat losses in lactation from the model were also consistent with the 
conclusion from many other published papers that reported that the higher feed intake 
during gestation, the higher the maternal weight and fat gains during the course of 
pregnancy, and the higher weight and fat losses during lactation (Lodge, 1969; 
Greenhaigh etal., 1977, 1980; Hillyer, 1980; Walker, 1983; Harker and Cole, 1984; Lee 
and Mitchell, 1984; Whittemore et al., 1984; Harker and Cole, 1985; Lee and Close, 
1986; Whittemore, Smith and Phillips, 1988; Yang etal., 1989; Lee and Mitchell, 1989; 
Mullan and Williams, 1989). 
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Figure 4.8 shows the predicted maternal liveweight for six parities for the sow given 1.5 
and 2 kg feed during pregnancy. It demonstrates dearly that maternal liveweight 
throughout her life is dependent upon the feed intake, in terms of energy and protein, 
during pregnancy. This is in accordance with Whittemore, Smith and Phillips (1988), 
Yang et aL (1989), Lee and Mitchell (1989) and Mullan and Williams (1989). 
Predicted P2 backfat thickness for six parities for the sow given 1.5 and 2 kg feed 
during pregnancy is shown in Figure 4.9. From Figure 4.9, the sow given the low level 
of feed in gestation mobilised fat during the following course of reproduction. 
Although the predicted values are not completely consistent with those from the 
published papers, such a trend can also be found in the experiments of Whittemore, 
Smith and Phillips (1988), Yang et aL (1989), Lee and Mitchell (1989) and Mullan and 
Williams (1989). Figure 4.10 shows predicted protein and lipid retention for six 
parities for the sow given 1.5 and 2 kg feed during pregnancy. The Figure 
demonstrates dearly that nutrient supplies in lactation are not sufficient for the 
production of milk, and thus some nutrients must be supplied from the body reserves. 
In this case, the sow lost protein and lipid during lactation but gained in gestation and 
between weaning and conception. 
Table 4.11 The effect of feed levels during pregnancy on the maternal body weight 
change and reproductive performance 
SOW REPORT 	 Group-A 	Group-B 	Group-C 
----- IN GESTATION 
Pregnancy period (days) 
Total feed intake (kg) 
Feed intake (kg/day) 
Change in P2 (mm) 
P2 (mm) at parturition 
Change in live body weight (kg) 
Maternal weight (kg) at parturition 
------IN LACTATION 
Lactation period (days) 
Total feed intake (kg) 
Feed intake (kg/day) 
Change in P2 (mm) 
P2 (mm) at weaning 
Change in live body weight (kg) 
Maternal weight (kg) at weaning 
Milk yield (kg/day) 
115.00 115.00 115.00 
172.50 230.00 275.78 
1.50 2.00 2.40 
0.46 2.95 4.99 
18.46 20.95 22.99 
24.67 50.56 71.94 
164.67 190.56 211.94 
28.00 28.00 28.00 
98.13 107.92 112.00 
3.50 3.85 4.00 
-1.39 -1.36 -1.57 
17.07 19.59 21.42 
-48.93 -54.22 -60.89 
115.74 136.34 151.04 
5.11 5.65 6.04 
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IN WEANING TO CONCEPTION INTERVAL 
Interval (days) 29.00 30.00 32.00 
Total feed intake (kg) 58.00 60.00 64.00 
Feed intake (kg/day) 2.00 2.00 2.00 
Change in P2 (mm) 0.25 -0.02 -0.23 
P2 (mm) at conception 17.32 19.57 21.19 
Change in live body weight (kg) 13.62 11.46 10.25 
Maternal weight (kg) at conception 12936 147.80 161.30 
PIGLET REPORT Group-A Group-B Group-C 
Piglet birth weight (kg) 1.05 1.14 1.22 
Litter size 7.29 7.98 8.48 
Piglet growth rate (g/day) 175.41 180.73 184.83 
Piglet survivability (%) 69.08 74.87 79.04 
Weaning weight (kg) 5.97 6.21 6.39 
4.153 Effect of feeding level during pregnancy and stage of lactation on milk yield 
Predicted milk yields during lactation for gifts weighing 120 kg at mating and fed diets 
containing 130 g CP/kg, 13.0 MJ DE/kg at 2.5 kg/day in gestation and 160 g CP/kg, 
13.0 MJ DE/kg at three feeding levels of 3.0, 4.0 and 5.0 kg/day in lactation are shown 
in Figure 4.11. The predicted response showed that milk production was affected by 
feeding leveL The predicted milk production differed according to the stage of 
lactation. Milk production peaked at about 10 days at the low level (3.0 kg/day) and at 
about 18 days at the high level (5.0 kg). This trend is agreed by Van Kempen et aL 
(1985) who used two levels of feed (2.5 kg and 5.3 kg/day) and supplied sufficient 
energy for maintenance. They reported that milk production was significantly 
influenced by feeding level during lactation; milk production peaked at about 15 days 
at the low level and at about 20 days at the high level. A high feeding level increased 
milk production after 10 days. 
4.15.4 Effect of sow's condition at the start on milk yield 
There are few reports of the effect of condition of the sow on milk yield. The response 
of gilts weighing 120 kg with three different levels of backlat thickness (15, 20 and 25 
mm P2) at mating was investigated using a diet with 120 g CP/kg, 13.9 MJ DE/kg fed 
at 2 kg/day in gestation and a diet with 130 g CP/kg, 13.9 MJ DE/kg fed ad libitwn in 
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Fig. 4.9 Predicted P2 backfat of six parities for the sow given 1.5 and 2 kg feed 
during pregnancy (5: Start; 0: Gestation; L: Lactation; WC: Weaning to Conception) 
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FIg. 4.8 Predicted maternal weight of six parities for the sow given 1.5 and 2 kg feed 
during pregnancy (S: Start; G. Gestation; L: Lactation; WC: Weaning to Conception) 
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Fig. 4.10 Predicted protein and lipid retention of six parities for the sow given 1.5 and 
2 kg feed during pregnancy (0: Gestation; L: Lactation; WC: Weaning to Conception) 
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Figure 4.11 Effect of feeding level during lactation on milk production 
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lactation. Figure 4.12 shows that predicted milk yield was the same in the first 18 days 
of lactation but fat gilts produced slightly more milk in the latter stage of lactation. 
This result is consistent with the data from Kiaver et aL (1981) and Smith (1960a). 
Kiaver et aL (1981) used sows of at least fourth parity, eight animals in poor condition 
and eight animals in normal condition. They reported that from day 2 through day 12 
after parturition, milk quantity increased and protein content decreased. Sows in good 
condition produced more milk, energy and protein than thin sows. Feeding level (2.3 
kg/thy or 4.0 kg/day) during early lactation had no effect on quantity and composition 
of milk. Smith (1960a) also indicated that sows in low condition produced slightly less 
milk than those in high condition. 
4.15.5 Effect of daily DE intakes on body weight of gestating gilts 
Predicted values of body weight gains during pregnancy are shown in Figure 4.13 for 
gifts weighing 120 kg at mating and fed diets of four CP groups (90, 100, 120 140 g/kg) 
at levels of DE between 20 and 40 MJ/day and compared with data from several 
experiments (Kotarbinska, 1983; Noblet et aL, 1985; Lee and Mitchell, 1989; Mullan 
and Williams, 1989). From Figure 4.13, there is good agreement between the 
predicted values and observed values. Both the magnitude and trend of the response 
to change in DE intake are well predicted for all the available data. Prediction of the 
response to dietary CP is also in good agreement with the limited data available 
(Greenhaigh et aL, 1977, 1980). Thus at a constant DE intake of 25 MJ/day, 
increasing the dietary CP from 90 to 140 g/kg, gave a predicted body weight change of 
11.31 kg during pregnancy (Table 4.12) which is very consistent with an actual 10.6 kg 
increase in body weight in the experiment of Greenhaigh et aL (1977). 
Table 4.12 Predicted gains (kg) in body weight of guts (120 kg body weight at mating) 
in relation to DE intake at different CP contents of the diet 
CP contents 
DE intake 90 100 120 140 
(MJ/day) (g/kg) (g/kg) (g/kg) (g/kg) 
20 19.97 21.94 24.25 25.65 
25 39.11 41.50 46.13 50.42 
30 58.02 60.88 66.37 71.68 
35 75.18 78.78 85.50 91.83 
40 86.22 90.80 99.50 107.85 
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Figure 4.12 Effect of sows condition at the start on miik production 
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Fig. 4.13 Comparison of predicted and observed changes in the ilvewelght gains of 
pregnant guts (120 kg at mating) In relation to DE intake 
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4.16 Summary 
The purpose of this study was to build a factorial model of nutrient utilisation by the 
breeding sow. Given the initial information about the sow (quality, prolificacy, 
conception rate, liveweight and P2 backfat depth at first conception), diet composition, 
feeding regime, housing conditions, sale of weaned pigs and overheads, the model 
predicts on a daily basis, body weight change, energy and protein requirements for 
maintenance, energy cost for cold thermogenesis, protein and lipid retention, body 
composition and backfat thickness in gestation, lactation and weaning to conception 
interval over a period of up to eight parities. The model also predicts energy and 
protein requirements for the uterus and mammary gland, milk yield, energy cost and 
ideal protein requirement for sow's milk, piglet birth weight, litter size, piglet growth 
rate, protein, lipid, ash and water retention, piglet survivability and weaning weight. A 
financial report is also produced. A listing of the program steps is given in Appendix 
4.1. The model was validated with in vivo experiments. An important component of 
the model is the integration with a least cost feed formulation package and Harvard 
Graphics. Two associated computer programs, sow recording and management and 
accounting management, have also been written to expand the model's function 
(Figure 4.14). It is not the aim of this model to replace the management function. 
Rather it is to act as an aid so that the manager and pig producer can, on the basis of 
objective information, make the correct decisions as to how to run their business. 
W. 
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Figure 4.14 The menu of the Edinburgh Model Sow V1.0 
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Chapter 5 A Bio-economic Model of Pig Production Systems 
5.1 Introduction 
Although the Edinburgh model pig and model sow have been built and validated in the 
previous three chapters, some areas for expansion stifi exist in these two new models. 
Both models simulate a single pig or sow only, not groups, a single solution in a 
particular environment. Therefore it would be advantageous if they could be 
expanded from single solution to multiple solutions and be extended from individuals 
to a population. Further, it may be possible to link with other useful packages to build 
a whole bio-economic model of the pig production system. In order to answer these 
questions, the study described in this chapter has five objectives: (1) To incorporate 
physical relationships into an economic decision model designed to simulate a decision 
problem faced by a pig producer under alternative feed prices and diet specifications. 
(2) To extend the model pig from a single solution to multiple solutions. (3) To 
expand the Edinburgh Model Pig and Model Sow to indude a management section. 
(4) To link the model with useful commercial packages. (5) To propose possible 
limitations and future development. 
5.2 SensitivIty analysis 
Pigs can be offered innumerable levels of feed allowance and a number of diet 
qualities and types. However, profit maximization is affected by production strategy. 
Production managers must decide which strategy will give the greatest profit. A flow 
diagram (Figure 5.1) shows that there are a range of possible nutrient specifications 
and a range of possible feed allowances for obtaining the maximum margin. To 
achieve the goal of margin maximization, the best possible route must be found 
through the entire system, not just through one component part. The goal of margin 
maximization is likely to result in a diet nutrient specification and a feed allowance 
(Whittemore, 1987). 
To solve these problems of multiple solutions, two programs were written to enable 
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52.1 Sensitivity analysis of feeding regimes 
This program was written to allow the user to solve alternative questions concerning 
feeding regimes. Up to twenty-five feeding regimes can be set up. Each feeding 
regime can be set for up to three stages throughout the growing period. With the 
program, up to 25 runs of the model pig are solved consecutively. The feeding regime 
which gives the best margin over feed and weaner costs is then transferred to the main 
modeL This relationship is shown in Figure 5.2. As an example, Table 5.1 shows 25 
groups of feeding regimes. 
Table 5.1 The 25 groups of feeding regimes 
Regime Wastage Proportion Start Maximum Increment 
Group type 	(%) 	W0 '5 fed allow kg allow kg kg Steps 
1 p 	4 0.12 2.5 
2 p 4 	0.12 3.0 
3 p 	4 0.12 3.5 
4 p 4 	0.12 4.0 
5 m 	4 
6 c 4 1 2.5 0.2 
7 c 	4 1 3.0 0.2 
8 c 4 1 3.5 0.2 
9 c 	4 1 4.0 0.2 
10 c 4 1.5 2.5 0.25 
11 c 	4 1.5 3.0 0.25 
12 c 4 1.5 3.5 0.25 
13 c 	4 1.5 4.0 0.25 
14 v 4 12 
15 v 	4 15 
16 u 4 1 2.5 0.2 
17 u 	4 1 3.0 0.2 
18 u 4 1 3.5 0.2 
19 u 	4 1 4.0 0.2 
20 u 4 1.5 2.5 0.25 
21 u 	4 1.5 3.0 0.25 
22 u 4 1.5 3.5 0.25 
23 u 	4 1.5 4.0 0.25 
24 n 4 13 
25 n 	4 15 
Remark: 	p: practical ad libitum 
maximum ad libitu,n 
c: constant increment weekly 
v: varying weekly rations 
u: uniform increment each 5 kg pig growth 
non uniform rations each 5 kg pig growth 
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The composition of the diet was as follows: crude fibre=40 g/kg, crude protein= 160 
g/kg, protein digestibility coefficient = 0.85, feed cost =t132.00/tonne, DE= 12 MJ/kg 
and protein value = 0.8. Both entire and female pigs of commercial quality were used. 
The blockiness coefficient was 0.5. The start weight and slaughter weight were 25 and 
90 kg respectively. The environmental temperature was assumed to be 20 0C. The 
house was slightly draughty with straw bedding. There were 40 pens; 25 pigs in each 
pen, 7 days between bathes. The farm had an average variability in P2 backfat depth. 
The contract with the market was paid by maximum P2. The minimum dead weight 
and maximum dead weight were 40 and 80 kg respectively. Five grades were used to 
evaluate the value of dead weight: up to 12 mm P2, 105 p/kg; over 12 until 14 mm, 100 
p/kg; over 14 until 16 mm, 95 p/kg; over 16 until 18 mm, 90 p/kg; over 18 mm, 85 
p/kg. The summary report of simulation of the 25 feeding regimes is shown in Table 
5.2. It can be seen that the margin over feed and weaner costs can vary from £8.02 
(Group 23) to £16.50 (Group 6). 
Table 5.2 A summary report of simulation of 25 feeding regimes 
Live I Days to I Daily  I P2 I Feed con. Feed 	Margin over feed 
Group I weight I slaughter  I gain 	I (mm) I 	ratio 	cost () I & weaner () 
1 90.64 81 0.81 18.93 2.98 25.81 12.03 
2 90.43 82 0.80 18.16 2.96 2556 12.70 
3 90.64 81 0.81 18.93 2.98 25.81 12.03 
4 90.64 81 0.81 18.93 2.98 25.81 12.03 
5 90.14 71 0.92 23.57 3.08 26.52 9.15 
* 6 90.13 94 0.69 14.92 2.94 25.30 16.50 * 
7 90.13 90 0.72 17.25 2.99 25.74 13.20 
8 90.13 89 0.73 17.82 3.01 25.85 12.49 
9 90.13 89 0.73 17.82 3.01 25.85 12.49 
10 90.28 83 0.79 16.91 2.93 25.21 14.23 
11 90.15 77 0.85 20.31 3.00 25.84 10.77 
12 90.04 74 0.88 21.95 3.04 26.14 9.78 
13 90.94 74 0.89 22.77 3.07 26.70 9.71 
14 90.81 84 0.78 20.52 3.06 26.61 1039 
15 90.73 70 0.94 25.00 3.13 27.13 8.90 
16 90.59 87 0.75 15.84 2.92 25.25 15.71 
17 90.39 81 0.81 19.19 2.99 25.82 11.65 
18 90.13 89 0.73 17.82 3.01 25.85 12.49 
19 90.14 77 0.85 21.28 3.04 26.14 10.05 
20 90.26 79 0.83 18.94 2.97 25.61 11.93 
21 9039 81 0.81 19.19 2.99 25.82 11.65 
22 90.44 66 0.99 26.84 3.18 27.46 8.34 
23 90.15 .63 1.03 28.32 3.22 27.69 8.02 
24 90.53 70 0.94 24.96 3.13 27.05 8.83 
25 90.63 81 0.81 22.34 3.11 26.95 9.31 
* optimum feeding regime 
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Figure 5.2 Sensitivity analysis of feeding regimes 
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522 Sensitivity analysis of feed combinations 
This program was developed to assist decision-makers in selecting the optimum feed 
combination during pig growing period. The feed description can be set for up to 40 
combinations of nutrients. Up to three stages can be used within each feed 
combination as the feed details in the single modeL With these adaptations, 40 
different feed combinations can be set randomly and 40 runs of the model pig are 
solved concurrently. The feed combination which gives the best margin over feed and 
weaner costs is then transferred to the main modeL This relationship is shown in a 
diagram in Figure 5.3. Table 5.3 shows an example with 40 combinations of diet 
composition based mainly upon crude protein and digestible energy content using one 
diet through the growing stage. While some authorities may consider diets 1-8 
unusually dilute, all diets in Table 5.3 are realistic in practice. The pig was offered 
feed on a regime of a constant weekly increments with 2% wastage. The start 
allowance was 1 kg and increased by 0.2 kg each week up to the maximum allowance of 
2.5 kg. Other specifications were as described in section 5.2.1. Table 5.4 shows these 
realistic diets to yield a margin over feed and weaner cost ranging from 42.44 (diet 
36) to +f1630 (diet 18). Since computer memory is insufficient to store the 
information from over 40 combinations, an alternative method can be used, ie. retain 
the best feed combination and change another 39 feed combinations, then run this 
sensitivity analysis again, another 40 results can thus be compared. By the use of this 
program and previous program in section 5.2.1, the greatest margin of the pig 
production concerning feeding regime and feed combination can be produced. 
Table 5.3 An example of the 40 combinations of CP and DE content of the diet 
DE (MJ/kg) 
CP(g/kg) 10 11 12 13 14 
100 diet 1 diet 2 diet 3 diet 4 diet 5 
120 diet 6 diet 7 diet 8 diet 9 diet 10 
140 diet 11 diet 12 diet 13 diet 14 diet 15 
160 diet 16 diet 17 diet 18 diet 19 diet 20 
180 diet 21 diet 22 diet 23 diet 24 diet 25 
200 diet 26 diet 27 diet 28 diet 29 diet 30 
220 diet 31 diet 32 diet 33 diet 34 diet 35 
240 diet 36 diet 37 diet 38 diet 39 diet 40 
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Table 5.4 A suinmaiy report of simulation of 40 diets 
Combi- Live Days to I Daily  I P2 Feed con I Feed Margin over feed 
nation weight I slaughter  I gain  I (mm) I 	ratio cost (&) I & weaner (&) 
1 90.28 114 0.57 17.78 3.70 31.90 6.59 
2 9035 106 0.62 21.51 3.39 29.26 7.00 
3 90.66 100 0.66 24.84 3.15 27.28 8.69 
4 90.30 94 0.70 27.56 2.94 25.30 10.44 
5 90.06 89 0.73 29.92 2.75 23.65 12.14 
6 90.08 112 0.58 14.75 3.64 31.24 10.74 
7 90.46 101 0.65 17.01 3.20 27.61 11.85 
8 90.61 95 0.69 18.23 2.96 25.63 12.71 
9 9055 90 0.73 21.19 2.77 23.98 12.53 
10 90.78 86 0.77 23.82 2.61 22.66 13.44 
11 90.29 116 0.56 14.46 3.78 32.56 9.98 
12 90.21 101 0.65 15.44 3.21 27.61 13.56 
13 9035 94 0.70 16.02 2.93 2530 15.41 
14 90.63 89 0.74 18.91 2.73 23.65 14.19 
15 90.06 84 0.77 2138 2.56 22.00 14.08 
16 90.08 120 0.54 14.34 3.95 33.88 8.66 
17 90.51 104 0.63 15.19 3.31 28.60 13.14 
* 18 90.13 94 0.69 14.92 2.94 25.30 16.50 	* 
19 90.05 88 0.74 17.23 2.72 23.32 15.57 
20 90.44 84 0.78 19.77 2.55 22.00 15.13 
21 90.18 126 0.52 14.32 4.17 35.86 6.79 
22 90.14 106 0.61 14.92 3.40 29.26 12.54 
23 90.49 96 0.68 15.49 3.00 25.96 15.37 
24 90.17 89 0.73 16.56 2.75 23.65 16.10 
25 9036 84 0.78 1835 2.55 22.00 15.90 
26 90.15 133 0.49 1430 4.44 38.17 4.48 
27 90.14 109 0.60 14.70 332 30.25 11.85 
28 90.02 97 0.67 15.07 3.06 26.29 15.21 
29 90.72 91 0.72 16.21 2.80 24.31 1630 
30 90.42 85 0.77 18.10 2.59 22.33 15.97 
31 90.16 142 0.46 1431 4.78 41.14 1.51 
32 90.41 113 038 1437 3.66 3137 10.92 
33 90.09 99 0.66 15.70 3.14 26.95 13.80 
34 90.49 92 0.71 15.77 2.85 24.64 1633 
35 90.36 86 0.76 17.71 2.63 22.66 15.97 
36 90.17 154 0.42 1431 5.24 45.10 -2.44 
37 90.02 116 0.56 14.41 3.79 3236 9.84 
38 9037 102 0.64 15.41 3.23 27.94 1336 
39 90.27 93 0.70 15.29 2.90 24.97 16.45 
40 90.29 87 0.75 1730 2.67 22.99 16.02 
* optimum combination 
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Figure 5.3 Sensitivity analysis of feed combinations 
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53 Expansion of the mpnagement functions of the model 
53.1 Graphical presentation of results 
This program was designed to assist pig producers or production managers in their 
understanding of the situation from the pig's start weight to slaughter. The program 
presents comparative piots, from three runs of the model pig, of daily protein 
retention, daily lipid retention, daily ash retention, total protein mass, total lipid mass, 
total ash mass, feed intake and daily gain versus time (day) or liveweight (kg) and 
displays a bar chart of the percentage of pigs in each grade, according to P2 backfat 
depth. With this comparison of three runs, the user can readily identify bottle-necks 
which may occur as the pig grows. Then the input items can be modified in order to 
obtain a more satisfactory result. 
53.2 Set user range 
To assist the potential user in inputting acceptable data during running the model pig, 
a special program was written for the system manager to set ranges on items, within 
which the user's data must lie. The acceptable input range can therefore be set up by 
an experienced nutritionist or a production manager to prevent the input of irrelevant 
data. 
533 Multiple solutions 
Two computer programs, which give simple and complex multiple solutions, were 
written to support pig producers and feed compounders in their decision-making. The 
feeding period of the program can be set for up to five stages. In the simple multiple 
solutions, nine diets can be used within each stage. After running the program, nine 
results are derived and the margins compared, and the optimal solution is therefore 
apparent. In the complex multiple solutions, the number of diets can be set randomly 
between 1 and 9 within each stage. The program derives an optimal solution based on 
either liveweight gain, feed conversion ratio calculated from feed consumed, feed 
conversion ratio calculated from feed used, P2 backfat or margin at each stage, then 
transfers the best result to the next stage until slaughter weight is reached. The 
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Figure 5.4 Simple and complex multiple solutions 
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53.4 Multiple runs 
The Edinburgh Model Pig and Model Sow include a record manager, which allows, the 
user to save, delete, get or rename a record file for up to 15 records. To extend the 
Model Pig V2.1 from single run to multiple runs, a program called multiple runs was 
developed. Using this function, the user can choose the existing records for up to 15 
files and then can run each set of input data at the same time. Several results can thus 
be obtained without the need to jump out to the main menu. This is shown in a logic 
diagram in Figure 5.5. 
5.4 The Integration with other packages 
5.4.1 Least cost feed formulation 
The original program of least cost feed formulation was written by the author in 1988 
at the National Chung-Hsing University, Taiwan, Republic of China. Initially, as a 
validation, a selection of example diets were formulated at least cost using the 
program and these were compared with the output of a commercially available 
program, SINGLEMIX (Format International Ltd., Surrey, England), which is widely 
used in the feed industry. Having validated the program, this function is now included 
in the model pig V2.0 and model sow V1.O. 
The Edinburgh model pig V2.0 and model sow V1.O require as input (2. Feed details) 
the following information on diet composition: crude fibre (g/kg), crude protein 
(g/kg), ash (g/kg), crude lipid (g/kg), moisture (g/kg), essential amino acids (g/kg), 
ileal digestibility coefficient for essential amino acids, utilisation coefficient for 
digested amino acids, digestible energy (MJ/kg) and feed cost (i/kg). In some cases, 
the nutrient composition may not be known, but the ingredient formulation may be 
available. Therefore, using a data base of ingredient values, the composition of the 
diet can be calculated. Equally, a required composition might be specified and a 
means of achieving this at least cost can be calculated using the feed formulation 
program. Therefore, the model pig V2.0/model sow V1.O have an option to link to the 
author's least cost feed formulation program. This writes the nutrient composition 
details of a least cost formulated diet or of a specified diet to a data file, which can in 
turn be read on return to the model pig/model sow program in option 2: Feed details. 
Figure 5.6 shows this integrated relationship between model pig V2.0/model sow V1.O 
Choose input data file 
(up to 15 files) 	] 







Figure 5.5 The diagram of multiple runs 
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Figure 5.6 Integration of two models and Least Cost Diet 
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and least cost feed formulation. From the feed description of Model Pig/Model Sow, 
details of the dry matter, crude fibre, crude protein, ash, DE and nine essential amino 
acids can be transferred to the least cost feed formulation program. In the least cost 
feed formulation program, the other specifications (e.g. kinds of ingredients, 
ingredient price, and usage constraints) are also input. After the calculation of the 
least cost mix, the program transfers information concerning the cost of mix, ileal 
digestibility of protein and essential amino acids, and actual nutrient composition of 
the diet to the model pig or model sow. 
5.42 Accounting management 
This program was written to provide an accounting function for the model pig V2.0 
and model sow V 1.0. The program includes 40 income and 40 expense accounts. The 
program provides a daily, monthly, period, yearly report or a whole monthly daily 
report which indicates daily income and daily expense under each account. This 
program also has a quick searching function, so that the data can be created or 
updated easily. Table 5.5 demonstrates a report for a period from 3/5/9 1 to 4/6/9 1. 
Table 5.5 A financial report based the period from 3/5/91 to 4/6/91 
ANIMAL SCIENCE DIVISION, EDINBURGH UNIVERSiTY 
<< Financial Management >> 
3/5 to 4/6/1991 
Account 	Amount 	Income Account Amount 	Income 
1Piglet 307 7205.00 211 0 0.00 
21 Cull Sow 36 3660.00 221 0 0.00 
3 1 Others 30 1840.00 231 0 0.00 
41 0 0.00 241 0 0.00 
SI 0 0.00 251 0 0.00 
61 0 0.00 261 0 0.00 
71 0 0.00 271 0 0.00 
81 0 0.00 281 0 0.00 
91 0 0.00 291 0 0.00 
101 0 0.00 301 0 0.00 
il 0 0.00 31 0 0.00 
121 0 0.00 321 0 0.00 
131 0 0.00 331 0 0.00 
141 0 0.00 34 1 0 0.00 
151 0 0.00 351 0 0.00 
161 0 0.00 361 0 0.00 
171 0 0.00 371 0 0.00 
181 0 0.00 38 0 0.00 
191 0 0.00 391 0 0.00 
201 0 0.00 401 0 0.00 
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Account 	Amount Expense Account Amount Expense 
1150w 6 1800.00 21 0 0.00 
2Piglet 11 420.00 22 0 0.00 
3J Feed 2530 3100.00 23 0 0.00 
4 lElectric 7 280.00 24 0 0.00 
51 Bedding 51 520.00 25 0 0.00 
6 Medicine 37 590.00 26 0 0.00 
7 1 Vaccin 44 486.00 27 0 0.00 
8 1 Semen 51 580.00 281 0 0.00 
9 1 Market 8 260.00 291 0 0.00 
101 Service 43 450.00 301 0 0.00 
il Commisio 7 260.00 311 0 0.00 
121 Others 30 760.00 321 0 0.00 
131 0 0.00 33 0 0.00 
141 0 0.00 341 0 0.00 
15 0 0.00 35 0 0.00 
16 0 0.00 36 0 0.00 
17 0 0.00 37 0 0.00 
18 0 0.00 38 0 0.00 
19 0 0.00 39 0 0.00 
20 0 0.00 40 1 ........ 0 0.00 
Total Income= 12705.00; 	Total Expenses= 9506; 	Net Income= 3199.00 
5.43 Sow recording and mnnagement 
This computer program was written to act as an associated program of the Edinburgh 
model sow to expand the, management facilities through sow recording. The program 
can also act as a reproduction management system to improve productivity. The 
program divides the record into two parts: sow individual record and sow reproduction 
record. Within the program, the user can create, update and search a record, then this 
record can be transferred to the Edinburgh Model Sow. Although only 50 records can 
be set in the current version, this program has demonstrated that a data base of animal 
records could be integrated with the model sow. Table 5.6 and Table 5.7 show a sow 
individual record and a sow reproduction record respectively. 
KIM 
Table 5.6 Sow individual record 
INDIVIDUAL SOW RECORD 
Breed and Registration no.. Landrace/lill 
Identification (Ear notch)... L7101 
Date farrowed.......................01/9/1989 
Bred by.................................. Edinburgh Farm, purchased on 11th March 1989 
Location: Housing/Pen...... 2/1 
Sow's pedigree: Sire............ Glasgow Breeding Farm (L6666) 
(1) Sire............ L9022 
(2)Dam .......... Lull 
Dam.................. Aberdeen Farm (L4444) 
Sire............ L9099 
Dam .......... L8788 
Quality (i/c/u)..................... improved 
Proilhicacy (1/m/g/e).......... excellent 
Conception rate (%) ........... 75 
Age at 1st mating (days)..... 225 
Live weight at 1st mating.... 180 
P2 at 1st mating (mm)......... 20 
or Condition score (1-10).... 
Table 5.7 Sow reproduction record 
LITIERNO. 	1 I 	2  I 	3  I 	4  I 	5  I 	6  I 	7  I 	8 
SIRE ........................ 	1.89771 L8377 I L9999 
NO. SERVICES 21 21 2 
FARROW DATE. 0103901 110890 220191 
NO. PIGS BORN 	101 ill 11 
ALIVE ................... 9 101 10 
DEAD ................... 	1 I 	1 1 	1 
MUMMIES 	 01 01 0 
AV. BIRTh WT 1.51 1.31 1.45 
NO. FUNC. TEAT 	121 121 11 
WEAN1NGAGE 281 281 28 
NO. WEANED 	91 81 9 
AV. WEAN WT 23.51 24.51 25.4 
NO. BREED GILT 	51 41 4 
NO. BREED BOAR 41 51 51 
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5.4.4 Harvard Graphics 
Harvard Graphics is a commercial program on IBM and IBM compatible personal 
computers and produces graphical output for presentations. This package has a wide 
range of features, allowing it to meet the diverse needs of a range of PC users, 
managers, secretaries, administrators, scientists, engineers, technical writers and 
students. To link the Edinburgh Model Pig and Model Sow with Harvard Graphics, 
the following procedures are executed: firstly, create data files from model pig and 
model sow; secondly, set the picture (bar or line) required and import data file directly 
from model pig or model sow; thirdly, save this file as a template; fourthly, create a 
screen show; lastly, display this screen show. By use of the screen show in the Harvard 
Graphics, the results of up to three runs of the model pig of daily data of protein 
retention, lipid retention, ash retention, total protein mass, total lipid mass, total ash 
mass, feed intake and daily gain over time (days) or liveweight (kg) can be plotted. A 
bar chart of percent pigs in grade according to P2 backfat depth is also produced. 
Similarly, up to eight parities of the model sow of average food intake, maternal 
liveweight, protein and lipid retention, P2 backfat depth, milk yield, piglet body weight, 
piglet daily gain, litter size and net margin per sow per year can be displayed using 
Harvard Graphics. 
5.4.5 Lotus 1-2-3 
Lotus 1-2-3 is a very powerful commercial package for the use of spreadsheet and 
graphics. According to the survey of animal production software by Gibson (1988), 
Lotus 1-2-3 is the most widely used package of this type by companies, research 
stations and farmers all over the world. To link the Edinburgh Model Pig with Lotus 
1-2-3, a program was written in the Lotus 1-2-3 to import data files which were created 
by the model pig and produce pictures of food intake, liveweight, protein mass and 
lipid mass over time (day) or liveweight (kg); daily gain, daily protein retention, daily 
lipid retention, and percent pig in grade according to P2 backfat depth. These graphs 
can be printed out by a printer or can be saved as graphic files and transferred to 
Harvard Graphics. 
M. 
53 An expert diagnostic aid to assess adequacy of feed allowance to breeding female 
pigs 
Knowledge is available from research work which can be used to assess adequacy of 
feed allowance in breeding female pigs but this requires the assistance of an expert to 
apply it to the individual situation. Human experts are expensive and in short supply. 
As an experiment in providing computer assistance of human experts, an expert 
diagnostic aid was developed. This program was written according to a diagnostic and 
action chart (Figure 5.7) which is designed to assess adequacy of feed allowance to 
breeding female pigs (Whittemore, 1980b). The program acts as an associated system 
in the Edinburgh Model Sow to provide an advisoiy function. There are four main 
components in this computer system: 
A set of questions which are asked of the user to solicit information needed for the 
diagnosis. 
A set of subreports which can be assembled into diagnostic reports. 
A set of rules which use the responses to the questions to choose which subreports 
will be included in a diagnostic report. 
A computer program which contains the questions, rules of inference and 
subreports. 
The program also provides a function of 'what if to preview the response to questions 
and a function of 'condition selected' to review the questions have been chosen. 
5.6 Possible limitations and future development 
Real life pig production is so variable that each case is indMdual and the poorer the 
management, the higher the variation. Oldham and Friggens (1989) summarised that 
variation in lactating performance comes about as a result of variation in the nature of 
the animal (species, breeds within species, individuals, litter size or reproductive 
state), its environment (thermal environment, nutrition, work, health, milk withdrawal 
or external agents), or with time (age, parity, season or stage of lactation). In addition, 
genetic potentials for the traits described may vary over wide ranges and may differ 
among generations according to heterosis effects. The animal characteristics will 
always vary between individuals in a population. Therefore variation in pig 
characteristics must be taken into account. The first limitation of both current models 
is the use of individual responses to ascertain population responses. They predict the 
207 
The East of Scotland College of Agriculture 
DIAGNOSTIC AND ACTION CHART TO ASSESS ADEQUACY OF FEED ALLOWANCE TO BREEDING FEMALE PIGS 
IN THE BREEDING HERD? 
Low birth w.lU 
Low nunthsi bn 
FaLlu,sto,..br.id 
Low milk yI.ld (low 3 tssk WI for littar) 
*Sh parl.oami 0311111ty and mammiy UoubIu 
Hli mortalIty In Rid w..k of Ut. 
Are you willIng to Inatail a wsItIng 
mathlni to wsIth breiding tiiT%alU it w.anlng? 
Are braiding t.mals thin? 
I Ar. braiding Ialsz tat? I 
Do you with to Incwi 
your cunsnt margin over 
f..d co.tal 
FEED 
MATE VIRGIN FEMALES 
AT LOWER LIVE WEIGHTS 
FEED LESS 
PREGNANCY 
MATE VIRGIN FEMALES 	MATE VIRGIN FEMALES 
AT LOWER LIVE WEIGHTS AT HIGHER LIVE WEIGHT 
AND IN BETTER BODY 	AND IN BETTER BODY 
NDITION 	 CONDITION 
CHECK DIET FOR 
VITAMINS. MINERALS 
PROTEIN. TOXINS 
ICALLThEVET I 	 CHECK PIG TYPE 
BREED AND STRAIN 
CHECK FOR SMEDI I 
TYPE DISEASESJ 
NO DISEASE 	j 
I THAVS PIG 
I KEEPING 
a I iw 
ntlngenai oztwr than food  
b 	
Nj_..]TO INCIEASE FEED ALLOWANCE 
an Investigitad? 	 CAN BE AN EXPENSIVE DECISION 
FEED TOTHE LITTER  
Figure 5.7 Diagnostic and action chart to assess adequacy 
of feed allowance to breeding female pigs 
(from Whittemore, 1980) 
same response if all inputs are the same as before without any variation. The main 
reason is that the extent of variation between individual pigs within breeds is still not 
known. 
The concept of growth used in the Edinburgh Model Pig is that according to the 
Gompertz growth function and ash contents of the food to predict daily ash retention. 
The ratio of protein to ash and the compensation theory is then used to predict daily 
protein retention and water retention. The second limitation focuses on assumption of 
an ash digestibility coefficient, ash value and potential ash retention. More work is 
required in this area for the model pig to be work more accurately. 
The third limitation to the model is associated with the parameters defining the 
different genotypes and with predicting the effects of different environmental 
conditions. Further work is required if the growth parameters for different strains are 
to be properly quantified. 
Another important assumption in the Edinburgh Model Pig V2.1 is that pigs have a 
capacity of 75 g faecal organic matter content (FOMC) per kg body protein mass (PT) 
per day, and thus the quantity of food eaten by the pig (Fl, kg/day) can not exceed 
maximum food intake (VIM, kg/day), where VIM = 0.075PT/FOMC. Although it is a 
reasonable assumption in the current model, research is required to support or update 
this assumption. 
The nutrients to which the models respond do not indude individual minerals and 
vitamins. This is on the assumption that these are not limiting factors. In practice, 
minerals and vitamins are important components of the diet, since they affect pig 
growth or can be toxic to swine (ARC, 1981; NRC, 1988). Therefore, future 
development of the model should consider the effects of individual minerals and 
vitamins and it should be extended to provide information about toxicity, where 
appropriate. 
The piglet growth model in the Edinburgh Model Sow assumes that nutrient intake by 
the piglet is derived completely from sow's milk, and that the piglet is grown in a 
thermoneutral environment. In practice, piglets usually eat some creep feed during 
lactation, but daily creep feed intake during this period is difficult to estimate. 
Therefore, to be consistent with the practice, prediction of food intake by the pig in 
addition to milk consumption is required for future models. 
PIIQ 
The first thorough test of a model is often the comparison of the behaviour of its 
output with that observed in the real system in an analogous situation. It is not 
possible to be completely consistent between predicted values and actual observations. 
However, what is important is that the model can be consistent with the trends of the 
real life of the pig. As further knowledge becomes available and more comparisons 
are made between predicted and experimental results, the model should be updated 
and improved. 
Figure 5.8 demonstrates a future development in bio-economic modeffing of pig 
production systems. In this blueprint, the pig recording and management system 
records the sow's basic information and her history of reproductive performance, pig 
carcass information, and provides a function to manage the herd (i.e. check heat, 
check pregnancy, farrow, castrate, wean and cull sow). This information can act as an 
important reference for running the model pig or model sow. The expert system 
provides an advisory function to assess adequacy of feed allowance to breeding pigs or 
as a diagnostic aid for reproductive problems and pig diseases. The accounting 
management records information about the relative costs, which is needed to run the 
model pig and model sow. Least cost diet formulation integrates with both models and 
transfers the price of the mix and actual nutrient composition of the diet to both 
models. Spreadsheet (Lotus 1-2-3 or SuperCaic) and Graphic system (Harvard 
Graphics) call the data directly from both models and display comparative line charts 
or bar charts of liveweight changes, feed intake, carcass deposition, P2 backfat and 
reproductive performance under different conditions. The model sow transfers piglet 
carcass information and liveweight to the model pig, then the model pig simulates the 
growing pig performance and the economic outcome, based on a set of input data. 
Thus the whole bio-economic model is established. Most of this blueprint has been 
solved as described in this chapter, but more functions must be introduced to complete 
the whole system. 
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Figure 5.8 The future development of the bio-economic 
model of pig production systems 
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5.7 Three-dImensional economic responses by using the Edinburgh Model Pig 
5.7.1 IntroductIon 
Nutritional responses have been studied by many researchers for a long time. 
However, nutritional response data alone do not provide sufficient information to 
determine the most profitable diets and feeding regimes. It is quite possible that, 
depending on the relative costs of feedstuffs and the prices received for the final 
products, the most profitable feeding programmes will not necessarily yield the most 
rapid rate of growth, the smallest P2 backfat depth, or the greatest efficiency of feed 
conversion. Such situations have been demonstrated dearly by using the model pig in 
the sections 5.2.1 and 5.2.2: sensitivity analysis of feeding regimes and feed 
combinations. 
Salmon and Klein (1981) commented that research results are seldom adopted at the 
farm level unless they increase expected net returns. Many researchers usually tend to 
ignore the economic factors, concentrating instead on maximising output. Others 
usually advise producers to minimise feed costs, without fully recognising that different 
combinations of inputs can affect both the quantity and the quality of output. 
However, to the working nutritionist, the expected level of net returns should be the 
overriding concern in making decisions on diets and feeding regimes. 
The task of simultaneously evaluating many factors that influence the profitability of 
animal production is very difficult without the assistance of computers. The 
Edinburgh Model Pig and Model Sow have been developed to solve such sophisticated 
problems and evaluate economic data and biological responses simultaneously. The 
aim of this study in this section is to evaluate the relationship between economic 
responses and two factors of the diet by using the Edinburgh Model Pig. The further 
objective is to act as a tool to find the optimum combination of the diet to make 
maximum profit when diet prices change. 
5.7.2 Material and methods 
5.7.2.1 Feeding regimes 
The pig was offered feed on an maximum ad libitum basis along with 2% wastage. 
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5.721 Pig description and weaner cost 
Entire male pig with improved quality was used. The blockiness coefficient was 03 i.e. 
between pure Large White (0) and pure Belgian Landrace (1). The pig had an average 
fleshiness and fatness. The start weight and weaner price were 20.18 kg and 25.00 
pounds respectively. 
5.7.23 Housing 
Only one house was used during the growing and finishing periods until the animals 
reached slaughter weight (75 kg). The outside temperature and house temperature 
were assumed to be 22 and 200C respectively. The house was slightly draughty with no 
bedding on an insulated floor. There were 15 pens; 40 pigs in each pen; 7 days 
between batches; and 44 square meters in each pen. 
5.7.2.4 Market 
The farm had an average standard deviation in P2 backfat depth. The contract with 
the market was paid by maximum P2. The minimum dead weight and maximum dead 
weight were 45 kg and 75 kg respectively. Four grades were used to evaluate the price 
of dead weight: up to 12 mm P2, 105 p/kg; over 12 until 14 mm, 100 p/kg; over 14 until 
16 mm, 95 p/kg; over 16 mm, 90 p/kg. 
5.7.2.5 Diets 
The composition of the diet was as follows: crude fibre = 40 g/kg, crude lipid = 45 g/kg, 
digestibility of crude lipid = 0.80, crude ash = 70 g/kg, moisture content =120 g/kg, 
digestibility of crude protein = 0.80, protein value = 0.85. Crude protein (CP) was 
divided into 13 groups: 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 210 and 220 
g/kg. Digestible energy (DE) was divided into 9 groups: 10, 103, 11, 113, 12, 123, 13, 
13.5 and 14 MJ/kg. 
5.7.2.6 Diet prices 
All diets in experiment 1 were fixed to the same price, 125 pounds/tonne. The prices 
of all diets in experiment 2 were calculated by the least cost feed formulation program 
(Roan, 1988) according to different CP and DE combinations. Since it was difficult to 
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obtain a feasible solution for the low protein groups (100 and 110 g/kg) and the low 
DE groups (10, 10.5 and 11 MJ/kg), the margin over feed and weaner cost of these 
groups in experiment 2 were, therefore, exduded in the response surface. All prices at 
different combinations are shown in Table 5.8. 
Table 5.8 The prices (pounds/tonne) of all diets at different CP and DE combination 
DE (MJ/kg 
CP (%) 11.5 12 12.5 13 13.5 14 
12 77.40 79.32 82.40 91.52 101.51 115.93 
13 78.96 80.63 83.58 92.07 102.09 116.07 
14 80.36 82.03 84.87 92.66 102.68 116.21 
15 81.75 83.42 86.15 93.24 103.26 116.34 
16 83.15 84.81 87.43 93.83 103.84 116.48 
17 84.54 86.20 88.72 95.04 104.43 116.62 
18 87.68 87.60 90.00 96.33 105.01 116.76 
19 91.01 88.99 91.29 97.61 105.60 116.90 
20 95.78 90.84 92.57 98.90 106.18 117.04 
21 100.54 93.46 93.86 100.18 106.76 117.17 
22 105.31 96.67 95.36 101.47 107.79 117.37 
5.7.2.7 Analysis of the results 
All data were analysed by MIN1TAB Statistical Software (1989). Three-dimensional 
response surface graphics and contour map were plotted by SURFER Access System 
(Golden software, 1987) package. 
5.7.3 Results and discussion 
Information of the margin over feed and weaner cost was collected by running the 
Edinburgh Model Pig V2.1. So far no account has been taken of time in relation to 
the analysis of pig response. In fact, the influence of time on pig growth response 
efficiency is much more pervasive and complex than the influence of physical inputs. 
Not only may time directly affect the physical response process, it may also influence 
response efficiency through time-price effect in the objective function or through 
uncertainty of yields and prices. Therefore, the results were recorded as margin per 
day per pig place. 
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The purpose of the constant price response was to provide the basis of an assessment 
of the value of quality control practices in feed compounding. It is impossible to 
produce batches of feed consistently to a fixed nutrient specification. DE and (P are 
macro nutrients. Variation in these parameters is expected to produce a response 
(Experiment 1). For a given bivariate probability distribution in these two dimensions, 
it is possible to integrate over the response surface to find the mean and standard 
deviation in margin per day per pig place for a diet of a known cost and specification 
(Experiment 2). 
Experiment 1: 
This experiment used the constant price to investigate the marginal responses. The 
response results, in terms of margin over feed and weaner cost per day per pig place, 
based on 13 groups of CP and 9 groups of DE using the same diet price are listed in 
Table 5.9. 
Table 5.9 The margin (pounds/day/pig place) of the response at different (P and DE 
combinations by using constant price (fl25/tonne) of the diet 
DE (MJ/kg 
CP (%) 10 10.5 11 11.5 12 12.5 13 13.5 14 
10 0.078 0.104 0.119 0.136 0.155 0.169 0.177 0.186 0.195 
11 0.101 0.135 0.158 0.176 0.192 0.202 0.204 0.208 0.214 
12 0.121 0.160 0.193 0.217 0.232 0.239 0.239 0.240 0242 
13 0.142 0.182 0.222 0.253 0.271 0.277 0.274 0.272 0270 
14 0.162 0.202 0.243 0.280 0.304 0.311 0.309 0.308 0.305 
15 0.165 0.221 0.262 0.297 0.329 0.342 0.343 0340 0.337 
16 0.162 0.223 0.278 0.315 0.345 0.362 0.367 0.372 0.370 
17 0.154 0.216 0.276 0329 0.354 0.363 0.374 0.382 0.393 
18 0.149 0.207 0.269 0.325 0.349 0.364 0.376 0.384 0.391 
19 0.144 0.204 0.261 0.382 0.345 0.361 0.373 0.383 0.390 
20 0.139 0.197 0.254 0.312 0.346 0.357 0.370 0.381 0.392 
21 0.133 0.190 0.251 0305 0.342 0.359 0.372 0.383 0391 
22 0.126 0.184 0.242 0.298 0.342 0355 0369 0381 0389 
Using these original data, a response surface can be plotted and is shown in Figure 5.9. 




Figure 5.9 The response surface of the original data in 
experiment 1 
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Margin = -2.72 + 0.0437(CP) + 0.387(DE) - 0.00238(CP) 2 - 0.0167(DE)2 + 
0.00374(CP)(DE) 	R2 =0.978 	 (5.1) 
where the units of margin, CP and DE are pounds/day/pig place, percent of the diet 
and MJ/kg respectively. For CP the experimental range was from 10 to 22%, and for 
DE from 10 to 14 MJ/kg. Predicted margin over the experimental range of CP and 
DE are given in Table 5.9. 
Each row gives predicted margin for the single variable response function 
Margin = f(DE) with CP fixed at the level specified for that row. Likewise each column 
corresponds to some Margin=f(CP) curve. Thus Margin =f(CP) for DE= 10 MJ/kg is 
obtained from (5.1) by setting DE equal to 10. This gives the single-variable response 
function: 
Margin = -0.52 + 0.08 11(CP) - 0.00238(CP) 2 	 (5.2) 
Figure 5.10 shows the three-dimensional response surface of response function (5.1). 
It shows not only interlaced single-variable response curves but also margin isoquants 
around the surface. A contour plot (margin/day/pig place) is given in Figure 5.11; it 
shows that the optimum profit falls around the area between 19.4 to 21% CP groups 
and 13.5 to 14 MJ/kg DE groups. 
Marginal return per unit of crude protein (MRCP) and DE (MRDE) can be obtained 
directly as the first derivatives of response function (5.1), thus: 
MRCP = 0.0437 - 0.00476(CP) + 0.00374(DE) 	 (5.3) 
MRDE = 0.387 - 0.0334(DE) + 0.00374(CP) (5.4) 
Notice that because of the form of the parent response function, MRCP and MRDE 
depend upon the level of both variables. Both marginal returns imply diminishing 
returns. 
The rate of technical substitution of CP for DE (RTS(cp)(DE))  is given by the 
isoquant slope. At any point on an isoquant, Dillon and Anderson (1990) gave the 
following relationship: 
RTh(cp)(DE) = -(MRDE)/(MRCP) 	 (5.5) 
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The rate of technical substitution of DE for CP (RTS(DE)(cp)) is given as follows: 
RTS(DE)(cP) = l/RTS(cp)(DE) 
	 (5.6) 
The rate of technical substitution of CP for DE gives the rate at which CP would have 
to be substituted for DE if DE were decreased by an infinitesimal amount and the 
return was to be maintained unchanged. 
Elasticity of substitution of CP for DE (ES(Cp)(DE))  is defined as the relative change 
in CF divided by the relative change in DE if CF is substituted for DE keeping return 
unchanged (Dillon and Anderson, 1990). Thus: 
ES(CP)(DE) = (RTS(CF)(DE))(DE/CP) 	 (5.7) 
(DE)(CP) = t/(CP)(DE) 	 (5.8) 
where E(DE)(CF)  is elasticity of substitution of DE for CF. As with the marginal 
return, because of the quadratic form of the response function, both the rates of 
technical substitution and the elasticities of substitution depend upon the level of both 
CP and DE. Predictions of MRCP, MRDE, RTS(DE)(CF) DE)(CP) and margins 
for a few combinations of CF and DE on the day margin per pig place are given in 
Table 5.10. 
Ridge-line equations can be obtained by setting the expressions for RTS(CF)(DE)and 
RTS(DE)(Cp) respectively equal to zero and solving to give CP in terms of DE or vice 
versa. For RTh( p)(DE) equal to zero, the following equation is derived: 
CP = -103.4759 + 8.9305(DE) 
	
(5.9) 
and for RTS(DE)(CF) equal to zero (i.e. RTS(Cp)(DE)  equal to infinity) , the 
following equation is derived: 
CP = 9.1807 + 0.7857(DE) 
	
(5.10) 
These two ridge-lines are shown in Figure 5.11. Because of the nature of the parent 
response function, the ridge-lines and all other isoclines are straight lines. Figure 5.11 
shows that the optimum solution falls around the combination of CP=20% and 
DE= 13.8 MJ/kg. 
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Table 5.10 Marginal returns, rate of technical substitution, elasticities of substitution 
and predicted margins per day per pig place at various combinations of (P and DE by 
using constant price (1125/tonne) of the diet 
CP DE MRCP MRDE RTSDE(P ESDE.CP Margin 
(%) (MI/kg) £/day/pig 
19.0 10.0 -0.0093 0.1241 0.0753 0.1430 0.1617 
19.0 10.5 -0.0075 0.1074 0.0696 0.1259 0.2196 
19.0 11.0 -0.0056 0.0907 0.0618 0.1067 0.2691 
19.0 11.5 -0.0037 0.0740 0.0504 0.0833 0.3102 
19.0 12.0 -0.0019 0.0573 0.0325 0.05 14 0.3430 
19.0 123 0.0000 0.0406 -0.0002 -0.0004 0.3675 
19.0 13.0 0.0019 0.0239 -0.0788 -0.1152 0.3836 
19.0 13.5 0.0038 0.0072 -0.5237 -0.7371 0.3914 
19.0 14.0 0.0056 -0.0095 0.5891 0.7995 0.3908 
19.5 10.0 -0.0117 0.1259 0.0931 0.1815 0.1565 
19.5 10.5 -0.0098 0.1092 0.0902 0.1675 0.2152 
19.5 11.0 -0.0080 0.0925 0.0862 0.1529 0.2657 
19.5 11.5 -0.0061 0.0758 0.0806 0.1366 0.3078 
195 12.0 -0.0042 0.0591 0.0717 0.1165 0.3415 
19.5 12.5 -0.0024 0.0424 0.0559 0.0871 0.3669 
19.5 13.0 -0.0005 0.0257 0.0194 0.0291 0.3839 
19.5 13.5 0.0014 0.0090 -0.1517 -0.2191 0.3926 
19.5 14.0 0.0032 -0.0077 0.4224 0.5884 03930 
20.0 10.0 -0.0141 0.1278 0.1103 0.2207 0.1500 
20.0 10.5 -0.0122 0.1111 0.1101 0.2097 0.2097 
20.0 11.0 -0.0104 0.0944 0.1097 0.1995 0.2611 
20.0 115 -0.0085 0.0777 0.1093 0.1900 0.3041 
20.0 12.0 -0.0066 0.0610 0.1085 0.1809 0.3388 
20.0 12.5 -0.0048 0.0443 0.1072 0.1716 0.3651 
20.0 13.0 -0.0029 0.0276 0.1043 0.1605 03831 
20.0 13.5 -0.0010 - 0.0109 0.0927 0.1373 03927 
20.0 14.0 0.0009 -0.0058 0.1483 0.2118 03940 
20.5 10.0 -0.0165 0.1297 0.1271 0.2605 0.1424 
20.5 10.5 -0.0146 0.1130 0.1293 0.2525 0.2030 
20.5 11.0 -0.0127 0.0963 0.1323 0.2466 0.2553 
20.5 115 -0.0109 0.0796 0.1366 0.2435 0.2993 
205 12.0 -0.0090 0.0629 0.1432 0.2446 0.3349 
20.5 12.5 -0.0071 0.0462 0.1544 0.2533 03622 
20.5 13.0 -0.0053 0.0295 0.1785 0.2915 03811 
20.5 13.5 -0.0034 0.0128 0.2655 0.4031 03916 
20.5 14.0 -0.00 15 -0.0039 -03868 -05663 0.3938 
21.0 10.0 -0.0189 0.1315 0.1434 0.3011 0.1335 
21.0 10.5 -0.0170 0.1148 0.1479 0.2959 0.1951 
21.0 11.0 -0.0151 0.0981 0.1541 0.2941 0.2484 
21.0 115 -0.0133 0.0814 0.1627 0.2971 0.2933 
21.0 12.0 -0.0114 0.0647 0.1758 03076 0.3298 
21.0 125 -0.0095 0.0480 0.1980 0.3326 03580 
21.0 13.0 -0.0076 0.0313 0.2438 03938 03778 
21.0 13.5 -0.0058 0.0146 03941 0.6131 0.3893 
21.0 14.0 -0.0039 -0.0021 -1.8932 -2.8398 0.3925 
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Experiment 2: 
This experiment used different prices for diets to predict the economic responses. The 
response results, in terms of margin over feed and weaner cost per day per pig place, 
based on 11 groups of CP and 6 groups of DE are listed in Table 5.11. 
Table 5.11 The margin (pounds/day/pig place) of the response at different CP and 
DE combinations using different prices for the diets 
DE (MJ/kg 
CP (%) 11.5 12 12.5 13 13.5 14 
12 0.319 0.338 0.341 0318 0.294 0.263 
13 0.352 0372 0.372 0.349 0.323 0290 
14 0.374 0.399 0.401 0.381 0.357 0.324 
15 0.387 0.419 0.428 0.412 0.387 0.355 
16 0.400 0.430 0.442 0.433 0.417 0.387 
17 0.411 0.435 0.440 0.437 0.425 0.409 
18 0.399 0.427 0.439 0.436 0.426 0.407 
19 0.463 0.419 0.432 0.430 0.423 0.406 
20 0.369 0.416 0.425 0.424 0.419 0.408 
21 0.353 0.406 0.424 0.423 0.420 0.407 
22 0.336 0.399 0.416 0.417 0.415 0.404 
Using above data as original data, a response surface can be plotted and is shown in 
Figure 5.12. Through the statistical analysis, a response function can be derived as 
follows: 
Margin = -3.34 + 0.0432(CP) + 0.53 1(DE) - 0.00283(CP) 2 - 0.0242(DE)2 + 
0.00478(CP)(DE) 	R2 =0.931 	 (5.11) 
where the units of margin, CP and DE are pounds/day/pig place, percent of the diet 
and MJ/kg respectively. For CP the experimental range was from 12 to 22%, and for 
- DE from 11.5 to 14 MJ/kg. 
Figure 5.13 shows the three-dimensional response surface of response function (5.11) 
in the experiment 2. It shows not only interlaced single-variable response curves but 
also margin isoquants around the surface. A contour plot (margin/thy/pig place) is 
given in Figure 5.14; it shows the optimum profit falls around between the area of 16.5 










Figure 5.13 The predicted economic responses in experiment 2 
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experiment 2 
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Marginal return per unit of crude protein (MRCP) and DE (MRDE) in the 
experiment 2 can be obtained directly as the first derivatives of response function 
(5.11), thus: 
MRCP = 0.0432 - 0.00566(CP) + 0.00478(DE) 	 (5.12) 
MRDE = 0.531 - 0.0484(DE) + 0.00478(CP) (5.13) 
Notice that because of the form of the parent response function, MRCP and MRDE 
depend upon the level of both variables: CP and DE. Both marginal returns imply 
diminishing returns similar to those in the experiment 1. 
As with the marginal return, because of the quadratic form of the response function, 
both the rates of technical substitution and the elasticities of substitution depend upon 
the level of both CP and DE. 
Predictions of MRCP, MRDE, RTS(DE)(cp) (DE)(CP) and margin for a few 
combinations of CP and DE on the day per pig place in the experiment 2 are given in 
Table 5.12. 
In this experiment, ridge-line equations can be obtained by setting the expressions for 
RTS(Cp)(DE)and RTS(DE)(cp) respectively equal to zero and solving to give CP in 
terms of DE or vice versa as the experiment 1 did before. For RTS(cp)(DE) equal  to 
zero, the following equation is derived: 
CP = -111.0879 + 10.1255(DE) 	 (5.14) 
and for RTS(DE)(cp)  equal to zero (i.e. RTS(cp)(DE)  equal to infinity), the 
following equation is derived: 
CP = 7.6325 + 0.8445(DE) 	 (5.15) 
These two ridge-lines are straight lines and are shown in Figure 5.14. It shows that the 
optimum solution falls around the combination of CP= 18.5% and DE= 12.8 MJ/kg. 
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Table 5.12 Marginal returns, rate of technical substitution, elasticities of substitution 
and predicted margins per day per pig place at various combinations of CP and DE by 
using different prices of the diets 
CP DE MRCP MRDE RTSDE CP DE p Margin 
(%) (MJ/kg) £/day/pig 
18.0 10.0 -0.0109 0.1330 0.0818 0.1472 0.2711 
18.0 10.5 -0.0085 0.1088 0.0780 0.1337 0.3316 
18.0 11.0 -0.0061 0.0846 0.0721 0.1179 0.3799 
18.0 11.5 -0.0037 0.0604 0.0614 0.0961 0.4162 
18.0 12.0 -0.00 13 0.0362 0.0364 0.0546 0.4404 
18.0 12.5 0.0011 0.0120 -0.0889 -0.1280 0.4524 
18.0 13.0 0.0035 -0.0122 0.2845 0.3940 0.4524 
18.0 13.5 0.0059 -0.0364 0.1609 0.2145 0.4403 
18.0 14.0 0.0082 -0.0606 0.1361 0.1749 0.4160 
18.5 10.0 -0.0137 0.1354 0.1012 0.1873 0.2649 
18.5 10.5 -0.0113 0.1112 0.1018 0.1793 0.3266 
18.5 11.0 -0.0089 0.0870 0.1026 0.1726 0.3762 
18.5 11.5 -0.0065 0.0628 0.1041 0.1674 0.4136 
18.5 12.0 -0.0041 0.0386 0.1074 0.1656 0.4390 
18.5 12.5 -0.0018 0.0144 0.1220 0.1805 0.4523 
18.5 13.0 0.0006 -0.0098 0.0645 0.0918 0.4534 
18.5 13.5 0.0030 -0.0340 0.0889 0.1218 0.4425 
18.5 14.0 0.0054 -0.0582 0.0930 0.1229 0.4195 
19.0 10.0 -0.0165 0.1378 0.1200 0.2280 0.2574 
19.0 10.5 -0.0141 0.1136 0.1245 0.2254 03202 
19.0 11.0 -0.0118 0.0894 0.1315 0.2272 0.3710 
19.0 11.5 -0.0094 0.0652 0.1437 0.2374 0.4097 
19.0 12.0 -0.0070 0.0410 0.1702 0.2694 0.4362 
19.0 12.5 -0.0046 0.0168 0.2729 0.4148 0.4507 
19.0 13.0 -0.0022 -0.0074 -0.298 1 -0.4357 0.4530 
19.0 13.5 0.0002 -0.03 16 0.0060 0.0085 0.4433 
19.0 14.0 0.0026 -0.0558 0.0463 0.0628 0.4215 
19.5 10.0 -0.0194 0.1402 0.1381 0.2694 0.2484 
19.5 10.5 -0.0170 0.1160 0.1464 0.2718 0.3124 
19.5 11.0 -0.0146 0.0918 0.1589 0.2817 0.3644 
19.5 11.5 -0.0122 0.0676 0.1804 0.3060 0.4043 
19.5 12.0 -0.0098 0.0434 0.2260 03672 0.4320 
19.5 12.5 -0.0074 0.0192 0.3863 0.6026 0.4477 
19.5 13.0 -0.0050 -0.0050 -1.0080 -1.5120 0.4512 
19.5 13.5 -0.0026 -0.0292 -0.0904 -0. 1306 0.4427 
19.5 14.0 -0.0002 -0.0534 -0.0047 -0.0065 0.4220 
20.0 10.0 -0.0222 0.1426 0.1557 0.3114 0.2380 
20.0 10.5 -0.0198 0.1184 0.1673 0.3187 03033 
20.0 11.0 -0.0174 0.0942 0.1849 03362 03564 
20.0 11.5 -0.0150 0.0700 0.2147 03734 03975 
20.0 12.0 -0.0 126 0.0458 0.2760 0.4600 0.4264 
20.0 12.5 -0.0 102 0.0216 0.4745 0.7593 0.4433 
20.0 13.0 -0.0079 -0.0026 -3.0231 -4.6509 0.4480 
20.0 13.5 -0.0055 -0.0268 -0.2041 -0.3024 0.4407 
20.0 14.0 -0.0031 -0.0510 -0.0604 -0.0863 0.4212 
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From the results of the two experiments, it seems that the greatest profit is affected 
not only by the nutrient supplies but also by the price of the diet. When the price of 
the diet changes, so does the nutrient requirement to reach maximum profit. 
Therefore, the top of the contour (Figure 5.11 and Figure 5.14) will move over the 
area of combination of CP and DE. It is also possible that more than one maximum 
point may exist. 
Due to the diminishing nature of the response, under achievement is not compensated 
by over achievement and increased variability in the diet can be seen as a cost to 
producers. The sign and magnitude of the response to variance reduction is 
demonstrable proof of the value of quality control procedures in feed formulation and 
manufacture. More complex multifactor relationships may be studied, but can not 
readily be portrayed graphically. They may be expressed instead as regression 
equations and thought of as multidimensional response surfaces. 
5.7.4 Conclusions 
This section illustrates the use of response data in making economic judgements about 
nutrition. Although two factors are used in this study, some mathematical equations 
have been defined and could then be used to predict the probable future response to 
the same experimental variables. it is hoped that ideas proposed here serve to 
stimulate increased awareness of the importance of considering all costs, as well as the 
quantity and quality of output, when making nutritional judgements and 
recommendations. The same concept can be applied to assess the marginal responses 
of feeding regimes and environmental factors. 
5.8 Summary 
The purpose of this chapter was to describe the incorporation of physical relationships 
into an economic decision model, the expansion of the Edinburgh Model Pig and 
Model Sow to include management attributes, the extension of the model pig from a 
single solution to multiple solutions, and the linkage of both models with useful 
packages and to propose possible limitations and future development of a complete 
bio-economic model of pig production systems. Two computer programs concerning 
twenty-five feeding regimes and forty feed combinations were written to solve multiple 
questions based upon feeding regimes and feed combinations. A graphic program was 
W. 
written to present comparative plots from three runs of the model pig of daily data 
concerning protein retention, lipid retention, ash retention, protein mass, lipid mass, 
ash mass, feed intake and daily gain versus time (day) or liveweight (kg) and to display 
a bar chart of the percentage pigs in each grade according to P2 backfat depth. This 
program also provides a function to change the data structure to link with Harvard 
Graphics and Lotus 1-2-3 to present high quality graphics. A program called "set user 
range" supports the system manager in setting user usable ranges to prevent irrelevant 
input. Two multiple solutions (simple and complex) were written to act as a decision-
making tool to support pig producers and feed compounders. A multiple runs 
program was developed to extend the model pig from single run to multiple runs at 
one time. Important components in the model pig and model sow are the linkage with 
least cost feed formulation, accounting management and graphic systems. A sow 
recording and management program was written to expand the model sow through 
sow recording. An expert diagnostic aid to assess adequacy of feed allowance to 
breeding female pigs was also developed. Two experiments were made to evaluate the 
relationship between economic responses and two factors of the diet (CP and DE) 
using the Edinburgh Model Pig. The results show that the greatest profit is influenced 
not only by the nutrient supplies but also by the price of the diet. This chapter has 
given a blueprint for building a bio-economic model of pig production systems. 
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Appendix 2.1 The key points of the computer program in the compensatory 
growth model 
A list of the abbreviation used for each equation in the Chapter 2 is given in the 
following Table. 
Symbol Meaning represented 
AR 	The daily rate of ash retention (kg/thy) 
ARM Maximum ash retention (kg/thy) 
ASH 	Food ash content (kg/kg) 
AT The total ash mass (kg) 
B 	Growth rate parameter 
b The scaling of the lipid mass to protein mass during potential growth 
CF 	Crude fibre contents of the food (kg/kg) 
CLC Crude lipid contents of the food (kg/kg) 
CPC 	Crude protein contents of the food (kg/kg) 
DAC Digested ash contents of the food (kg/kg) 
DAY 	The time that effective temperature changed 
DCHO Digested carbohydrate contents of the food (kg/kg) 
DCLC 	Digested crude lipid contents of the food (kg/kg) 
DCPC Digested crude protein contents of the food (kg/kg) 
DE 	Digestible energy contents of the food (Mi/kg) 
DFIA Food intake needed to meet the ash requirement (kg/thy) 
DFIE 	Food intake needed to meet the energy requirement (kg/thy) 
DFIP Food intake needed to meet the protein requirement (kg/thy) 
DIG 	Digestibility of the crude protein of the food 
EERQ Effective energy requirement (MJ/day) 
EH1 	The energy cost of cold thermogenesis (Mi/thy) 
ELR The energy requirement for lipid retention (Mi/day) 
EM 	The energy requirement for maintenance (Mi/thy) 
EPR The energy requirement for protein retention (Mi/day) 
FEEC 	Food effective energy content (Mi/kg) 
FL Food intake (kg/thy) 
FIAC 	Ideal ash contents of the food (kg/kg) 
FlEX Extra food intake (kg/thy) 
FIM 	Maximum food intake (kg/day) 
FIPC Ideal protein contents of the food (kg/kg) 
FOMC 	Faecal organic matter contents (kg/kg) 
GAIN Body weight gain (kg/thy) 
GUT 	Gut weight (kg) 
H Heat loss (Mi/thy) 
Hi 	The heat loss at the lower critical temperature (Mi/day) 
H2 The heat loss at the upper critical temperature (Mi/thy) 
HEXTRA Extra heat needed (Mi/thy) 
HP 	Heat production (Mi/thy) 
HW The scaling of the heat loss 
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LAM 	Ideal ash requirement for maintenance (kg/thy) 
IARQ Ideal ash requirement (kg/day) 
IPRO 	Ideal protein requirement (kg/day) 
1PM Ideal protein requirement for maintenance (kg/day) 
LCT 	Lower critical temperature 
LDIG Digestibility of the crude lipid of the food 
LPR 	The ratio of lipid to protein 
LPRM Values for the desired ratio of lipid mass to protein mass 
LR 	The daily rate of lipid retention (kg/thy) 
LREX Extra lipid retention (kg/thy) 
LRM 	Minimum desired lipid retention (kg/thy) 
LT The total lipid mass (kg) 
LTC 	The desired lipid mass (kg) 
MEC Metabolisable energy contents of the food (MJ/kg) 
OMC 	Organic matter contents of the food (kg/kg) 
PAR The ratio of protein to ash 
PEFF 	The efficiency of use of protein 
PR The daily rate of protein retention (kg/thy) 
PR1 	Maximum protein retention after compensation (kg/day) 
PRM Maximum protein retention (kg/day) 
PT 	The total protein mass (kg) 
PTC The desired protein mass (kg) 
PTM 	The mature total protein mass (kg) 
PV Protein value 
STAGE Stages of different effective temperature 
T 	Effective environmental temperature 
TH House temperature 
UCT 	Upper critical temperature 
W Liveweight (kg) 
WATER Moisture contents of the food (kg/kg) 
WE 	Empty body weight (kg) 
Yr The total water mass (kg) 
A computer program was written to test the prediction of voluntary food intake 
according to the discussion in the Chapter 2 and is listed as Appendix 2.2. The key 
points of this program are as follows: 
1. Set the specifications 
Set initial total protein mass (PT), the ratio of protein to ash (PAR), the ratio of lipid 
to protein (LPR), sex and genotype (or mature protein mass (PTM), growth rate 
parameter per thy (B), the lipid to protein ratio at maturity (LPRM), the scaling of 
the lipid mass to protein mass (b)), food details (crude fibre (CF), crude protein 
content (CPC), protein digestibility coefficient (DIG), lipid content (CLC), lipid 
digestibility coefficient (LDIG), ash content (ASH), moisture content (WATER), 
digestible enerv (DE) and protein value (PV)) and effective temperature (T). 
Carcass composition at start weight. 
AT = VF/PAR 
LT= (LPR)(FT) 
YT= 3.2(FrM0• 1)(PT0•9) 
WE=PT+LT+AT+YT 
GUT= 0.05 WE+ (0.05 WE)(0.008(CF-40)) 
W = WE + GUT 
Food composition 
DCPC = (DIG)(CPC) 
FIPC= (PV)(DCPC) 
DCLC = (LDIG)(CLC) 
MEC = DE-5.63DCPC 
DCHO = (MEC-18.17DCPC-39.6DCLC)/17.2 
OMC= 1-(ASH+ WATER) 
FOMC = OMC-(DCPC+ DCLC+ DCHO) 
FEEC = MEC-4.67DCPC-3.8FOMC+ 6DCLC 
PEFF=0.0125(FEEC/DCPC) 	where 0 <= PEFF <= 0.85 
Food intake needed to meet energy requirements 
EM= 1.63PTM 027(VF) 
PTC = 5AT 
PRM = (B)(PT)log(PTM/FT) 
PR = PRM + (PTC-PT) = PR1 
LTC= (LPRM)(VrMb)(PTC( 1)) 
LRM = (LPRM)(b+ 1)(PTC/PTM)b(PR) = LR 
LR=LRM+(LTC-L1) 	 if LTC>LT 
EPR= (36.5-4.67)PR+ (23.8-5.63)PR 
ELR= (16.4 + 39.6)LR 
EERQ=EM+EPR+ELR 
DFIE = EERQ/FEEC 
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Food Intake needed to meet protein requirements 
1PM = O.005EM 
IPRQ = 1PM + (PR/PEFF) 
DFIP = IPRQ/FIPC 
Food intake needed to meet ash requirements 
ARM = (B)(AT)log(O.2PrM/AT) 
DAC = O.7ASH 
FIAC=0.8DAC 
lAM = 0.00 1EM 
IARQ = lAM + (ARM/O.8) 
DFJA = IARQ/FIAC 
Fl = Greatest of (DFIE, DFIP, DFIA) 
MaxImum food Intake 
FIM = 0.075PT/FOMC 
InthecaseofFl > FIM 
Fl = FIM 
AR=(FIACxFI-IAM)(0.8) 	if AR>ARM then AR=ARM 
PR=(FIPCx FI-IPM)(PEFF) if PR>PR1 then PR=PR1 
LTC=(LPRM)(FFM)(VFC( 1)) 
LRM = (LPRM)(b + 1)(PTC/PTM)b(PR) 
LR = (FEEC x Fl-50PR-EM)/(39.6 + 16.4) 
LREX=LR-LRM 	 if LREX< =0 then LREX=0 
Heat loss and heat production 
H = (MEC)(Fl)-(23.8-5.63)PR-39.6LR 




UCT = 38-((H/W0•67)-0.50)/O.032 
Thermoneutral zone (LCT < = T < = UCT) 
PR, LR and FE no change. 
Below lower critical temperature (T < LCI') 
Hi = ( W° .67)(() 35 + 0.032(38-1')) 
HEXTRA = Hi-H = EH1 
13.1 IfFI<=DFIE 
FlEX = HEXTRA/MEC 
Fl = FE + FlEX 
13.1.1 1fF! <= FIM 
PR, LR and FE no change. 
13.12 IfFI>FLM 
FE = FIM 
PR=(FIPCx FE-IPM)(PEFF) 	if PR>PR1 then PR=PR1 
LR= (MEC x Fl-18.17PR-H1)/39.6 
132 If H > DFLE and 39.6LREX > = HEXTRA 
LR = LR-(HEXTRA/39.6) 
PR and FE no change 
13.3 II FL > DFIE and 39.6LREX < HEXTRA 
LR = LR-LREX 
FlEX = (HEXTRA-39.6LREX)/MEC 
H = H + FlEX 
133.1 IIFI<=FLM 
PR, LR and Fl no change. 
133.2 IfFl>FLM 
H = HM 
PR=(FIPCx FI-IPM)(PEFF) 	if PR>PR1 then PR=PR1 
LR= (MEC x H-18.17PR-H1)/39.6 
Above upper critical temperature (T> UCI') 
H2 = (WO• 67)(05 + 0.032(38-T)) 
Fl = ((16.4 + 39.6)(H2)-39.6EM+ (39.6 x 31.83-18.17 x 16.4) x PEFF x IPM)/ 
(16.4MEC+ 39.6(MEC-FEEC) + (39.6 x 31.83-18. 17 x 16.4) x PEFF x FIPC) 
PR= (FIPC x H-IPM)(PEFF) 	where PR <= PR1. 
H = (56(H2-3 1.83PR-EM) + 16.4(EM + 50PR))/(56(MEC-FEEC) + 16.4FEEC) 





YT= 3.2(PTM01 )(PT° 9) 
WE = P'F+ LT+AT+ Yr 
GIJT= 0.05 WE+ (0.05 WE)(0.008(CF-40)) 
W = WE + GUT 
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Appendix 2.2 The main program of the pig compensatory growth model 
1000 REM 
1010 REM ' Pig Compensatory Growth Mode!; 7 December 1990; Shli-Wen Roan 
1020 REM 
3266 REM " Input Data 
3267 REM 
3268 REM' ASH 	: Food ash contents (kg/kg) 
3269' CF : Crude fibre contents of the food (kg/kg) 
3270 REM' CPC 	: Crude protein contents of the food (kg/kg) 
3272' CLC : Crude lipid contents of the food (kg/kg) 
3274 REM * DE 	: Digestible energy contents of the food (MJ/kg) 
3275 REM * DIG : Digestibility of the crude protein of the food 
3276 REM * FW 	: Final weight (kg) 
3277 REM * LDIG : Digestibility of the crude lipid of the food 
3279 REM' PV 	: Protein value 
3280 REM * STAGE : Stages of different effective temperature 
3281' W 	: Start weight (kg) 
3282 REM * WATER : Moisture contents of the food (kg/kg) 
3283 REM 
3286 W= D(1):FW=D(2):CF=D2(1):CPC D2(2)/1000:DIG=D2(3):CLCD2(4)/1000 
3287 LDIG = D2(5)ASH = D2(6)/1000:WATER = D2(7)/1000:DE = D2(8):PV= D2(10): 
STAGE = D2(21) 
3288 REM 
3289 REM " 	Carcass composition at start weight 
3290 REM 
3291 REM * AT 	: The initial total ash mass (kg) 
3292' B : Growth rate parameter 
3293 REM * C 	: The scaling of the lipid mass to protein mass during potential growth 
3295 REM * LPR : The ratio of lipid to protein 
3296 REM * LPRM 	: Values for the desired ratio of lipid mass to protein mass 
3297 REM * LT : The initial total Lipid mass (kg) 
3299 REM * PAR 	: The ratio of protein to ash 
3310 REM * PT : The initial total protein mass (kg) 
3311 REM • PTM 	: The mature total protein mass (kg) 
3312 REM * YT : The initial total water mass (kg) 
3313 REM 
3313 PTM= D(7):B =D(8):LPRM=D(9):C=D(10):PTD(11):PAR = D(12):LPR = D(13) 
3317 AT = PT/PAR:LT = LPR'PT:YT= 32FFM'(1-.9)'PT'.9 
3319 GOSUB 10000:LOCATE 21,30:COLOR 31,0:PRINV< < < Calculating > > >":COLOR 
7,1 
3320 REM 
3321 REM" Food Composition 
3322REM 
3323 REM * 23.8 	: The heat of combustion of protein (MJ/kg) 
3324 REM * 5.63 : The urinary energy of protein catabolised (MJ/kg) 
3325 REM * 39.6 	: The energy retained in lipid (Mi/kg) 
3326 REM * 36.5 : The heat production of protein retention (Mi/kg) 
3327 REM * 4.67 	: The heat of protein catabolism (Mi/kg) 
3328 REM • 16.4 The energy cost of lipid retention (MJ/kg) 
3329 REM ASH 	Food ash contents (kg/kg) 
3330 REM * CLC : Crude lipid contents of the food (kg/kg) 
3331 REM * CFC 	: Crude protein contents of the food (kg/kg) 
3332 REM * DCHO : Digested carbohydrate contents of the food (kg/kg) 
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3333 REM * DCLC 	: Digested crude lipid contents of the food (kg/kg) 
3334 REM DCPC : Digested crude protein contents of the food (kg/kg) 
3335 REM * DIG 	: Digestibility of the crude protein of the food 
3336 REM FEEC : Food effective energy contents (MI/kg) 
3337 REM * FLPC 	: Ideal protein contents of the food (kg/kg) 
3338 REM FOMC : Faecal organic matter content (kg/kg) 
3339 REM * MEC 	: Metabolisable energy contents of the food (MJ/kg) 
3340 	OMC : Organic matter contents of the food (kg/kg) 
3341 REM * PEFF 	: The efficiency of use of protein 
3342 REM*  WATER : Moisture contents of the food (kg/kg) 
3343 REM 
3348 K1=23.8-5.63:K2=39.6:K4=36.5-4.67:K5= 16.4 
3350 DCPC=DIG*CPC:F PC=PV*DCPC:DC C=LDIGCLC:MEC= DE-5.63DCPC 
3351 DCHO = (MEC18.17*DCPC39.6*DCLC)/172:OMC= 1-ASH-WATER 
3400 FOMC= OMC-DCPC-DCLC-DCHO:FEEC = MEC4.67*DCPC3.8*FOMC + 6*DCLC: 
K3 = MEC-FEEC 
3410 IF FOMC< =0 THEN GOSUB 10000:LOCATE 14,13:COLOR 7,5:PRINT" Food 
composition is unreasonable! Please change it. ":GOSUB 7500:GOTO 20000 
3450 IF DCPC=0 THEN PEFF=0:GOTO 3500 
3460 PEFF= .0125*(FEEC/DCPC):IF  PEFF> .85 THEN PEFF= .85 
3480 FOR K=1 TO 400 
3500 REM 
3501 REM 	Food intake needed to meet energy requirements 
3502 RErI 
3510 REM * B 	: Growth rate parameter 
3511 REM * C : The scaling of the lipid mass to protein mass during potential growth 
3513 REM* DFLE 	: Food intake needed to meet the energy requirement (kg/day) 
3514 	EERQ : Effective energy requirement (MJ/day) 
3515 REM ELk 	The energy requirement for lipid retention (MJ/day) 
3516 REM * EM : The energy requirement for maintenance (MI/day) 
3517 REM EPR 	: The energy requirement for protein retention (MJ/day) 
3518 REM FIM : Maximum food intake (kg/day) 
3519 REM LPRM 	: Values for the desired ratio of lipid mass to protein mass 
3520 REM a  LR : Lipid retention (kg/day) 
3521 REM LRM 	: Minimum desired lipid retention (kg/day) 
3522 REM a  LT : The total lipid mass (kg) 
3523 	LTC 	: The desired lipid mass (kg) 
3524 REM PR : Protein retention (kg/day) 
3525 REM PR! 	: Maximum protein retention after compensation (kg/day) 
3526 REM PRM : Maximum protein retention (kg/day) 
3527 REM a  FF 	: The total protein mass (kg) 
3528 REM a  PTC : The desired protein mass (kg) 
3529 REM a  PTM 	: The mature total protein mass (kg) 
3530 REM a*aaaaaaa.aasaaasaaaaaaaaaa**a*aaaaaaaaaaaaaa*aaaaa*aa*aa**aa***aaaaa*a*a** 
3540 EM = 1.63apmr(.27)*vr:vrc = 5*AT:PRM = B*PT*LOG(PTM/PT):PR = PRM + (PTC- 
PT):PR1=PR 
3541 LTC = LpRM* fc)apTC#(C+ 1):LRM = LPRM*(C + 1)*(PTC/VFMY%C*PR:IF 
LTC> LT THEN LR = LRM + (LTC-LT) ELSE LR = LRM 
3542 FIM = (.075*PT)/FOMC:LF FIM>10 THEN FIM = 10 
3544 EPR=K4SPR+K1*PR:ELR=(K2+K5)*LR:EERQ=EM+EPR+ELR 
3550 DFIE=EERQ/FEEC 
360 REM aaaaaaa*aaaaaaaaasaaaaaa*aaaaaaaaaaaaaaaaaaaaaaa*aaa**aaaaaa**aaaaaaaaaaa** 
3601 REM **S 	Food intake needed to meet protein requirements 
02 REMaaaaasa*****a*SSas*S**aa*aaaa*a*aaa**a**a****aaa*aaaa*aa*a*a***a*a*a*a***** 
3610 REM a  DFIP 	Food intake needed to meet the protein requirement (kg/day) 
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3611 REM' 1PM 	: Ideal protein requirement for maintenance (kg/day) 
3612 REM' IPRQ : Ideal protein requirement (kg/day) 
3615 REM 
3630 1PM = .005'EM:IPRQ = 1PM + PR/PEFF:DFIP = LPRQ/FIPC 
640 .EIf" 
3641 REM " 	Food intake needed to meet ash requirements 
642 REM " 
3647 REM • ARM 	Maximum ash retention (kg/day) 
3648 REM • DAC : Digested ash contents of the food (kg/kg) 
3650 REM • DFIA 	Food intake needed to meet the ash requirement (kg/day) 
3651 REM' FIAC : Ideal ash contents of the food (kg/kg) 
3652 REM * LAM 	: Ideal ash requirement for maintenance (kg/day) 
3654 REM' IARO : Ideal ash requirement (kg/day) 
3657 REIf 
3660 ARM = B'AT'LOG(2'PTM/AT)AR =ARM 
3662 DAC= .7'ASH:FLAC = .8'DAC:IAM = .005/5'EM:IARQ = lAM +AR/.8: 
DFLA = IARQ/FIAC 
3700 REM 
3701 REM " 	Desired Food Intake 
3702 R.EIs'f 
3703 REM' F! 	: Food intake (kg/day) 
3704 REM' LREX 	: Extra lipid retention (kg/day) 
3705 REM' LTC : Desired lipid mass (kg) 
3708 REM 
3710 iF DFIE> =DFIP AND DFIE> =DFIA THEN FI=DFIE 
3711 IF DFIP> =DFIE AND DFIP> =DFIA THEN FI=DFIP 
3712 IF DFIA> =DFIP AND DFIA> =DF1E THEN F1=DFIA 
3715 IF Fl> F1M THEN F! = FIM 
3720 AR= (FI'FIAC-IAM)'.8:IF AR>ARM THEN AR=ARM 
3722 PR=(F1'FIPC-IPM)'PEFF:LF PR>PR1 THEN PR=PR1 
3724 LTC = LPRM'F M'(-C)'PTC'(C + 1):LRM = LPRM'(C + 1)'(PTCfPTM)C'PR 
3730 LR = (F1'FEEC-(Kl + K4)'PR-EM)/(K2+ K5):LREX= LR-LRM:IF LREX< = 0 THEN 
LREX= 0 
4000 REM 
4001 REM " 	Heat Loss and Heat Production 
4002 REM 
4003 REM' H 	: Heat loss (MJ/day) 
4004 REM' HP Heat production (MJ/day) 
4005 REM 
4010 H = MEC'FI-K1'PR-K2'LR:HP = F1'K3 + K4'PR + K5'LR + EM 
4020 REI%'l 
4022 REM " 	Critical Temperature 
4024 REM 
4025 REM * DAY 	: The time that effective temperature changed 
4030 REM' HW : The scaling of the heat loss 
4031 REM' LCI 	: Lower critical temperature 
4032 REM' STAGE : Stages of different effective temperature 
4033 REM' T 	: Effective temperature 
4034 REM * TT : Effective temperature (input data) 
4035 REM' ucr : Upper critical temperature 
4040 REIf 
4042 IF STAGE = 1 THEN T = TF(1):GOTO 4080 
4043 IF STAGE> =2 AND K< =DAY(2) THEN T=TT(1)+(TT(2)-TT(1))/(DAY(2)-1)'(K-
1):GOTO 4080 
4045 IF STAGE> =3 AND K>DAY(2) AND K< =DAY(3) THEN T=rF(2) + (rr(3)- 
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IT(2))/(DAY(3)-DAY(2))*(K-DAY(2)):GOTO 4080 
4046 IF STAGE> =4 AND K>DAY(3) AND K< =DAY(4) THEN T=rr(3)+ (TF(4)-
rF(3))/(DAY(4)-DAY(3))(K-DAY(3)):CiOTO 4080 
4047 IF STAGE> =5 AND K>DAY(4) AND K< =DAY(5) THEN T=TF(4)-f- çrr(5)-
rr(4))/(DAY(5)-DAY(4))(K-DAY(4)):GOTO 4080 
4048 IF STAGE> =6 AND K>DAY(5) AND K< =DAY(6) THEN T=TF(5)+(TF(6)-
rr(5/(DAY(6)DAY(5))*(KDAY(5)):GOTO 4080 
4049 IF STAGE> =7 AND K>DAY(6) AND K< =DAY(7) THEN T=TF(6)+ ('rr(7). 
TT(6))/(DAY(7)-DAY(6))*(K-DAY(6)):GOTO 4080 
4050 IF STAGE> =8AND K>DAY(7) AND K< =DAY(8) THEN T=TF(7)+(Tr(8)-
rr(7/(DAY(8)DAY(7))*(KDAY(7)) 
4080 HW= H/(W'.67):L F=38(HW-35)/.032:UCr=38-(HW-.5)/.032:EHi = 0 
4085 IF T>UCF THEN 4100 ELSE IF T<LCF THEN 4200 ELSE 5000 
4100 REM ********************************** 4 
4101 REM 	T> UCr (Upper Critical Temperature) 
4102 REM 
4103 REM * 112 	The heat loss at the upper critical temperature 
4105 REM ********************************************************************** 
4110 H2 = WA.67*(3+ .032*(38T)) 
4111 Fl = ((1(2+ K5)*H2 K2*EM + (K2*K4K1*K5)*PEFF*IPM)/(K5*MEC + K2*K3 + (K2*K4 
*i5)*PEFF*1C) 
4116 PR=(FI*FIPCIPM)*PEFF:IF PR>PR1 THEN PR=PR1 
4117 FI= ((K2+K5)(H2-K4PR-EM) +K5*(EM+ (K1 + K4) *PR))/(K3*(K2 + K5) +K5tFEEC) 
4118 LR = (F1*MECK1*PR.H2)/K2:GOTO 5000 
4200 REM ********************************************************************** 
4201 REM 	T > LCF (Lower Critical Temperature) 
4202 REM *************************************** 
4204 REM * EH1 	: The energy cost of cold thermogenesis (MJ/day) 
4206 REM * FlEX : Extra food intake (kg/day) 
4207 REM * Hi 	: The heat loss at the lower critical temperature 
4208 REM * HEXTRA : Extra heat needed (MJ/day) 
4210 REM ************************************ 44 
4303 Hi =Wd.67*(35 + .032(38-T)):HEXTRA= H1-H:EH1 = HEXTRA 
4305 IF F1< =DFIE THEN FIEX=HEXTRA/MEC:FI=FI+F1EXGOTO 4500 
4306 IF FI>DFLE AND 39.6LREX> =HEXTRA THEN LR=LR-HEXTRA/39.6:GOTO 5000 
4307 IF F!> DFIE AND 39.6*LREX< HEXTRA THEN LR = LR-LREX:FIEX= (REXTRA-
39.6*LREX)/MEC:FI = F! + FlEX 
4500 IF F! < FIM THEN 5000 ELSE F! = FIM 
4510 PR=(FI*FIPCLPM)*PEFF:!F PR>PR1 THEN PR=PR1 
4520 LR = (FI*MECKi*PRH1)/K2 
5000 REM 
5001 REM tm 	New PT, LT, YT, AT, Gain, Liveweight and Carcass composition 
5003 REM *********************************** 
5004 REM * AT : Total ash mass (kg) 
5006 REM * GAIN : Body weight gain (kg/day) 
5009 REM * LT : The total lipid mass (kg) 
5010 REM * PT The total protein mass (kg) 
5011 REM * WE : Empty body weight (kg) 
5012 REM * W 	: Liveweight (kg) 
5013 REM * YT : The total water mass (kg) 
5014 REM 
5030 FT=PT+PR:LT=LT+LRAT=AT+AR:YT=32*FTM(i.9)*PT.9:WE=PT+LT+AT+ 
YT:TEMP =W:GUT = .05*WE+ .05*WE*.008*(CF40):W=WE + GUT:GAJN= W-TEMP 
5070 IF W> =FW THEN 5360 
5100 NEXT K 
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536 REM  
5370 REM 000 	Report of results 
5380 REM  
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Appendix 3.1 The whole menu of the Edinburgh Model Pig V2.1 
Main Menu 
1. Inputs 	2. Record 	3. Simulation 	4. Graphic I 5. Set User 	6. Multiple 
	
Menu I I Manager by the Model Function j 	Range Solutions 
1. Feeding Rei] inputs 
1. 	X axis: daY] 	 1-'.1.Si,pIepIe 
2. Feed Details Efficiency X axis: weight] 2 . Comple )  
Overheads and 	1 Carcass ~Grade 	 L._j tipie Throughput of Pige runs 
r4. Pig Description I Biological ______I 	Link Lotus 1-2-3 
and Weaner Cost] 1 or Harvard Graphj 




Figure 3.16 The menu of the Edinburgh Model Pig V2.1 
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Appendix 31 An example of limiting factors derived from the model pig 
Day I Weight  I I)iet Nutrition Environment Bulk or Allowance I Compensation 
T 20.87 Protein Allowance Yes 
2 21.60 Protein Allowance Yes 
3 2232 Protein Allowance Yes 
4 23.04 Protein Allowance 
5 23.76 Protein Allowance 
6 24.47 Protein Allowance 
7 25.28 Protein Hot Allowed too much Yes 
8 26.11 Protein Hot Allowed too much Yes 
9 26.94 Protein Allowance Yes 
10 27.76 Protein Allowance Yes 
11 28.58 Protein Allowance Yes 
12 29.40 Protein Allowance Yes 
13 30.21 Protein Allowance 
14 31.11 Protein Hot Allowed too much Yes 
15 32.03 Protein Hot Allowed too much Yes 
16 32.95 Protein Hot Allowed too much Yes 
17 33.87 Protein Allowance Yes 
18 34.79 Protein Allowance Yes 
19 35.70 Protein Allowance Yes 
20 36.61 Protein Allowance Yes 
21 37.60 Protein Hot Allowed too much Yes 
22 3839 Protein Hot Allowed too much Yes 
23 39.60 Protein Hot Allowed too much Yes 
24 40.62 Protein Allowance Yes 
25 41.63 Energy Allowance Yes 
26 42.63 Energy Allowance Yes 
27 43.63 Energy Allowance Yes 
28 44.70 Energy Hot Allowed too much Yes 
29 45.77 Energy Hot Allowed too much Yes 
30 46.86 Energy Hot Allowed too much Yes 
31 47.96 Energy Hot Allowed too much Yes 
32 49.06 Energy Allowance Yes 
33 50.15 Energy Allowance Yes 
34 5124 Energy Allowance Yes 
35 52.38 Energy Hot Allowed too much Yes 
36 5333 Energy Hot Allowed too much Yes 
37 54.70 Energy Hot Allowed too much Yes 
38 55.87 Energy Hot Allowed too much Yes 
39 57.05 Energy Allowance Yes 
40 58.23 Energy Allowance Yes 
41 59.40 Energy Allowance Yes 
42 60.61 Energy Hot Allowed too much Yes 
43 61.78 Energy Hot Allowed too much Yes 
44 62.91 Energy Allowance 
45 64.05 Energy Allowance 
46 65.19 Energy Allowance 
47 6632 Energy Allowance 
48 67.46 Energy Allowance 
49 68.64 Energy Allowance 
50 69.82 Energy Allowance 
51 70.99 Energy Allowance 
52 72.17 Energy Allowance 









Hot a - m 
Cold 
Bulk 
Allowance F - — — 	- 
Compensation - 
0 	10 20 30 40 50 60 70 
Day 
Figure 3.17 Limiting factors in the model pig 
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Appendix 33 An example of the event diary derived from the model pig 
Max Protein Max Lipid Ash Max Effect 
day Weight Intake intake reten PR reten reten AR temp Comfort zone 
(kg) (kg/d) (FIM) (PR) (PRM) (LR) (AR) (ARM) (T) bottom top 
1 20.87 1.176 2.133 0.118 0.109 0.121 0.023 0.023 16.00 11.66 1635 
2 21.60 1.176 2.212 0.117 0.112 0.120 0.024 0.024 16.00 12.26 16.95 
3 2232 1.176 2.290 0.117 0.114 0.119 0.024 0.024 16.00 12.90 1759 
4 23.04 1.176 2369 0.117 0.116 0.118 0.025 0.025 16.00 1331 18.20 
5 23.76 1.176 2.447 0.117 0.119 0.117 0.025 0.025 16.00 14.08 18.76 
6 24.47 1.176 2525 0.116 0.121 0.116 0.025 0.025 16.00 14.61 19.30 
7 25.28 1334 2.603 0.133 0.123 0.134 0.026 0.026 16.00 1131 16.00 
8 26.11 1361 2.692 0.135 0.125 0.137 0.026, 0.026 16.00 11.31 16.00 
9 26.94 1372 2.783 0.136 0.127 0.137 0.027 0.027 16.00 11.67 1635 
10 27.76 1.372 2.875 0.136 0.130 0.136 0.027 0.027 16.00 12.25 16.94 
11 2838 1372 2.966 0.136 0.132 0.135 0.028 0.028 16.00 12.80 17.49 
12 29.40 1372 3.057 0.135 0.134 0.133 0.028 0.028 16.00 1333 18.01 
13 30.21 1372 3.147 0.135 0.136 0.132 0.028 0.028 16.00 13.82 18.50 
14 31.11 1314 3.238 0.150 0.138 0.149 0.029 0.029 16.00 1131 16.00 
15 32.03 1341 3338 0.152 0.140 0.151 0.029 0.029 16.00 11.31 16.00 
16 32.95 1.568 3.440 0.155 0.143 0.153 0.030 0.030 16.00 1131 16.00 
17 33.87 1.568 3344 0.154 0.145 0.152 0.030 0.030 16.00 11.83 16.52 
18 34.79 1.568 3.647 0.154 0.147 0.150 0.030 0.030 16.00 1233 17.02 
19 35.70 1.568 3.750 0.153 0.149 0.149 0.031 0.031 16.00 12.80 17.49 
20 36.61 1.568 3.853 0.153 0.151 0.148 0.031 0.031 16.00 13.25 17.94 
21 37.60 1.697 3.956 0.166 0.153 0.163 0.031 0.031 16.00 1131 16.00 
22 38.59 1.723 4.068 0.169 0.155 0.165 0.032 0.032 16.00 1131 16.00 
23 39.60 1.750 4.181 0.171 0.157 0.166 0.032 0.032 16.00 1131 16.00 
24 40.62 1.764 4296 0.172 0.159 0.167 0.032 0.032 16.00 11.53 16.22 
25 41.63 1.764 4.411 0.172 0.160 0.165 0.033 0.033 16.00 11.98 16.67 
26 42.63 1.764 4.527 0.172 0.162 0.164 0.033 0.033 16.00 12.41 17.10 
27 43.63 1.764 4.642 0.171 0.164 0.162 0.033 0.033 16.00 12.81 1730 
28 44.70 1.880 4.757 0.183 0.166 0.175 0.034 0.034 16.00 1131 16.00 
29 45.77 1.906 4.879 0.185 0.167 0.177 0.034 0.034 16.00 1131 16.00 
30 46.86 1.932 5.004 0.188 0.169 0.179 0.034 0.034 16.00 1131 16.00 
31 47.96 1.959 5.129 0.190 0.171 0.181 0.035 0.035 16.00 1131 16.00 
32 49.06 1.960 5257 0.190 0.172 0.179 0.035 0.035 16.00 11.70 16.39 
33 50.15 1.960 5384 0.189 0.174 0.178 0.035 0.035 16.00 12.09 16.77 
34 5124 1.960 5311 0.189 0.175 0.176 0.035 0.035 16.00 12.45 17.14 
35 5238 2.062 5.638 0.199 0.177 0.187 0.036 0.036 16.00 1131 16.00 
36 5333 2.088 5.771 0.201 0.178 0.189 0.036 0.036 16.00 1131 16.00 
37 54.70 2.114 5.906 0.204 0.179 0.190 0.036 0.036 16.00 1131 16.00 
38 55.87 2.140 6.043 0.206 0.181 0.192 0.036 0.036 16.00 1131 16.00 
39 57.05 2.156 6.181 0.207 0.182 0.192 0.037 0.037 16.00 11.45 16.14 
40 5823 2.156 6320 0.207 0.183 0.190 0.037 0.037 16.00 11.80 16.49 
41 59.40 2.156 6.458 0.206 0.184 0.188 0.037 0.037 16.00 12.14 16.82 
42 60.61 2.242 6396 0.215 0.185 0.198 0.037 0.037 16.00 1131 16.00 
43 61.78 2350 6.740 0.195 0.186 0237 0.037 0.037 16.00 1131 16.00 
44 62.91 2352 6.871 0.187 0.187 0.242 0.037 0.037 16.00 11.85 1654 
45 64.05 2352 6.997 0.188 0.188 0239 0.038 0.038 16.00 12.11 16.80 
46 65.19 2352 7.123 0.189 0.189 0.236 0.038 0.038 16.00 1237 17.05 
47 6632 2352 7250 0.190 0.190 0.234 0.038 0.038 16.00 12.61 1730 
48 67.46 2352 7377 0.190 0.190 0231 0.038 0.038 16.00 12.85 1734 
49 68.64 2348 7305 0.191 0.191 0.272 0.038 0.038 16.00 1136 16.05 
50 69.82 2.548 7.633 0.192 0.192 0.269 0.038 0.038 16.00 11.62 1631 
51 70.99 2348 7.761 0.192 0.192 0.266 0.038 0.038 16.00 11.87 1636 
52 72.17 2348 7.890 0.193 0.193 0.264 0.039 0.039 16.00 12.12 16.80 
53 7335 2348 8.020 0.193 0.193 0.261 0.039 0.039 16.00 1235 17.04 
54 7432 2348 8.149 0.194 0.194 0.259 0.039 0.039 16.00 1238 17.27 
55 75.69 2348 8279 0.194 0.194 0256 0.039 0.039 16.00 12.81 17.49 
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Appendix 3.4 The computer simulation program of the Edinburgh Model Pig 
V2.1 
1REM 	PIG10-2(V2.1) 8July,1991 
10 SCREEN 0:CLS:KEY OFF 
11 KEY 1,#":KEY 2,@u:KEY  3,-:KEY 4,"$:KEY 5,N%N :KEY 6,:KEY 7,&:KEY 
KEY 9,y:KEY 10,Nnu 
20 DIM GB(5),GPR(5R(24o)yr(24o)LR(24o)LT(24o),W(240),GAIN(24o)FI(24o),i'2(5), 
FIM(240),PRM(240)LRM(240),AT(240),ARM(240),T(3),CP1(240),DE1(240),ASH1(240),TH1( 
0),rr(240),LCF(20),UCr(240)PREV(6) 
21 DIM B1$(121),B1(121),B2$(120),B2(120),B3$(3),B3(3),B4$(17),B4(17),B5$(42),B5(42), 
B6$(12),B6(12),B7$(47),B7(47),B8$(8),B8(8),LM$(240),AR(240),REG$(3),WWTT(3),TYPE$(3) 
,WASTE(3),PROP(3),MA.XP(3),STARTCU(3),MAXCU(3),INCU(3),STE(3) 




30 DIM A1$(14),A2$(14),A3$(14),A4$(14),A5$(14),A6$(14),A7$(14),R1$(14),R2$(16),R3$(14), 
R4$(14),TNO(3),FA(9,240),H1(3),H2(3),H3(3),H4(3),H5(3),H6(3),H7(3),H8(3),H9(3),H10(3) 
100 OPEN"I",#l,"DATAlDAr:FOR 1=1 TO 121:INPUT #1,B1$(I):B1(I)=VAL(B1$(1)): 
NEXT I:CLOSE #1 
110 OPENT,#1,"DATA2.DAT":FOR 1=1 TO 120:IN1'UT #1,B2$(I):B2(I)=VA1(B2$(I)): 
NEXT I:CLOSE #1 
120 OPENT,#1,"DATA3DAr:FOR I = 1 TO 3:INPUT #1B3$(I):B3(I) = VAL(B3$(I)):NEXT 
I:CLOSE #1 
130 opENT,#1,DATA4DAr:FoR I = 1 TO 17:LNI'UT #1,B4$(I):B4(I) = VAL(B4$(I)):NEXT 
I:CLOSE #1 
140 OPENT,#1,"DATASDAr:FOR 1=1 TO 42:INPUT #1,B5$(I):B5(I)=VAL(B5$(I)):NEXT 
I:CLOSE #1 
150 OPENT,#1,1)ATA6DAr:FOR I = 1 TO 12:INPUT #1,36$(I):B6(I) = VAL(B6$(I)):NEXT 
I:CLOSE #1 
160 OPEN"I",#1,1)ATA7.DAT':FOR 1=1 TO 47:INPUT #1,B7$(I):B7(I)=VAL(B7$(I)):NEXT 
I:CLOSE #1 
170 OPENT,#1,'DATA8.DAV:FOR 1=1 TO 6:INPUT #1,B8$(I):NEXT I:CLOSE #1 
200 FOR 1=1 TO 9:FOR J=1 TO 24thFA(I,J)=0:NEXT J:NEXT I 
210 FOR 1=1 TO 3:H1(I)=0:H2(I)=0:H3(I)=0:H4(I)=0:H5(I)=0:H6(I)=0:H7(I)=0:H8(I)=0: 
H9(I)=0H10(I)=0:NEXT I 
310 FOR I = 1 TO 3:REG$(I) = B1$(1 + 40*(I1)):WW'fl(1) = B1(2+ 40*(I1)) :TYPE$(I) = B1$ 
(3 + 40*(I1)) :WASTE(1) = B1(4+40(I-1)):PROP(I) = B1(5 +40*(I1)) 
312 MAXP(I) = B1(6+ 40*(I1)):STARTCU(I) = B1(7+ 40*(I1)) :MAXCU(I) = B1(8 + 40*(I1)) : 
INCU(I) = B1(9 + 40(I-1)):STE(I) = B1(10 + 40*(I1)) :NEXT I:WWTT(1) = 1:NO = B2(1): 
CHAN$ = B2$(2):DAY(1) = 1:WT(1) = B4(13):WT1 =WT(1) 
320 FOR 1=2 TO 5:DAY(I)=B2(I+1):WT(I)=B2(I+5):NEXT I:FOR 1=1 TO 5:CF(I)= 
B2(11 + 22*(I.1)):CP(I) = B2(12+ 22(I-1)):DIG(I) =B2(13 + 22*(I1)) :CLC(I) = B2(14-f 22*(I1)) : 
LDIG(I)=B2(15+22(I-1)) 
324 ASH(I) = B2(16 + 22*(I1)) :WATER(I) =B2(17+22(I-1)):DE(I) = B2(18 + 22*(I1)) :PV(I) = 
B2(20 + 22(I-1)):FCOST(I) = B2(31 + 22*(I.1)) :NEXT I 
330 IX=B3(2):VV=B3(3):WEANO =B3(1):PTM=B4(4):B= B4(5):LPRM =B4(6):C=B4(7): 
SEX$=B4$(2):GEN$=B4$(3):BLOCK=B4(8):WCOST=B4(9):FLS = B4(11):FAC = B4(12):W= 
B4(13):FT= 14):PPT=F :LT=B 	:LT1=LTAT=B4(16)AT1=AT:YT=B4(17):YT1 = YT 
350 HNO=B5(1):HCHA$=B5$(2):HW(1) =B4(13):HT(1) = 1:FOR 1=2 TO 3:HT(I) =B5(I+ 1): 
HW(I)=B5(I+3):NEXT I:FOR 1=1 TO 3:CT(I)=B5(I+6):NEXT I 
352 FOR 1=1 TO 3:OT(I) = B5(10 + 11*(I1)) :TH(I) = B5(11 + 11(I-1)):RA(I) = B5(12 + 11*(I1)): 
FL(I) = B5(13 + 11*(I1)):PENO(I) = B5(14+ 11(I-1)):PIGS(I) =B5(15 + 11(I-1)):EMPT(I) = 
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B5(16 + 11*(I1)) 
353 AREA(I) = B5(17+ 11(I-1)):VE(I) = B5(18 + 11*(I1)) :VL(I) =B5(19 + 11(I-1)):T(I) = 
B5(20+11(I-1)):NEXT I 
360 SLAS=B6$(1):SNO=B6(2):FOR 1=1 TO 5:ST(I)=B6(2+I):SW(I)=B6(7+I):NEXT I: 
MNO = B7(1):VAP2$= B7$(2):FOR I = 1 TO 3:MPAY$(I) = B7S(3 + 15(I-1)):MINW(I) =B7(4+ 
15*(I1)):MAXW(I) = B7(5 + 15*(I 1))PAY(I) = B7(6 + 15(I-1)):GNO(I) = B7(7+ 15*(I1)) : 
NEXT I:SPF$=B8$(1) 
390 OPENT,#1,"SPF.DAr:LNPUT #1,PAGE:INPUT #1,SPF$:CLOSE #1:KILL"SPFDAT 
400 IF SPF$='e OR SPFS=use THEN 10000 ELSE IF SPFS=? THEN 1000 
1000 OPENT,#2,"REPORT.Pr 
1030 OPENO",#1,REPORTF 
1032 FOR N=1TO 500 
1033 LINE INPUT #2,Y$:PRINT #1,Y$ 
1034 IF EOF(2) THEN CLOSE #2:GOTO 1050 
1035 NEXT N 
1050 KLLL"REPORTJ'i":GOTO 10000 
8000 FOR I = 1 TO 78:PRINV = U;:N)CT I:PRINT:RETURN 
8001 FOR I = 1 TO 78:PRINV-";:NEXT I:PRINT:RETURN 
8010 FOR I = 1 TO 78:LPRINV = N;:)(T I:LPRINT:RETURN 
8011 FOR I = 1 TO 78:LPRINV-;:NEXT I:LPRINT:RETURN 
8020 FOR 1=1 TO 78:PRINT #1, 1 =;:NEXT I:PRINT #1,:RETIJRN 
8021 FOR 1=1 TO 78:PRINT #1,hIu;:NEXT  I:PRINT #1,:RETURN 
8050 PAGE = PAGE + 1:LPR1NT SPACE$(34);"-- PAGE;" N;:LPRINT  CHR$(12):LPRINT: 
LPRINT:RETURN 
8060 PAGE = PAGE + 1:PRINT #1,SPACE$(34);N  PAGE;" —:PRINT #1,CHR$(12):PRINT 
#1,:PRINT #1,:RETURN 
10000 REM Main program 
10001 GOSUB 15565:TRUIN=0:INTAKE=0:TEM=0:TELR=OTEPR=0:TEH1 =O:STARTCU 
=STARTCU(1):IN=STARTCU:TEST=0:LAST(1) =0:IAST(2) =0:LAST(3) =O:GG=0 
10050 RO1=0:R02=0:TNO(1) = -1:TNO(2) = -1:TNO(3) = -1:FEED1=0:FEED2=0:FEED3 =0: 
FEED4=0:FEED5=0.WFI=0:TREFU=0:KTEMP=0:KTEMP1=0:UNTE=0:7,ZZ= 0 
10080 IF VAL(VAP2$) >0 THEN VP2= (VAL(VAP2$))2 ELSE IF VAF2$ = "h" THEN 
VP2=.23 ELSE IF VAP2$="a" THEN VP2=2 ELSE IF VAP2$="l THEN VP2=.17 ELSE IF 
VAP2$=V THEN VP2=.14 
10200 FOR K=1 TO 250:EH1=0 
10300 IF (B1(121) = 2 AND REG$(2) = "t" AND K=WW1T(2)) AND KTEMP1> <2 THEN 
WT1 =W:KTEMP= K-1:KTEMP1 =2 
10302 IF (B1(121)=3 AND REG$(3)="t" AND K=WWT'r(3)) AND KTEMP1> <3 THEN 
WT1 =W:KTEMP= K-1:KTEMP1 = 3 
10310 IF (B1(121)=2 AND REG$(2)="w' AND W> =WWTF(2)) AND KTEMP1> <4 THEN 
KTEMP= K-1:WT1 =WWTF(2):KTEMP1 =4 
10312 IF (B1(121)=3 AND REG$(3)="w' AND W> =WWTF(3)) AND KTEMP1> <5 THEN 
KTEMP= K-1:WT1 =WWTF(3):KTEMP1 =5 
10520 IF (B1(121) =3 AND REG$(3) = utu AND K> =WWTT(3)) OR (B1(121) = 3 AND 
REG$(3)=w' AND W> =WWTr(3)) THEN N1=3:GOTO 10530 
10521 IF (B1(121) =2 AND REG$(2) = Y AND K> =WWTF(2)) OR (B1(121) = 2 AND 
REG$(2)="w" AND W> =WWTI(2)) THEN N1=2:GOTO 10530 
10522 IF B1(121)> = 1 THEN Ni = 1 
10530 REG$= REG$(Ni):WWTF=WWrF(N1):TYPE$ = TYPE$(N1):WASTE =WASTE(Ni)/ 
100:PROP=PROP(N1):MAXP=MAXP(Ni):STARTCU = STARTCU(N1):MAXCU = MAXCU 
(Ni):INCU = INCU(N1):STE = STE(N1) 
10580 IF (CHAN$=Nw  AND NO=5 AND W> =WT(5)) OR (CHAN$- AND NO=5 AND 
K> =DAY(5)) THEN N2=5:GOTO 10590 
10582 IF (CHAN$="w' AND NO> =4 AND W> ='WT(4)) OR (CHAN$="t" AND NO> =4 
AND K> =DAY(4)) THEN N2=4:GOTO 10590 
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10584 IF (CHAN$='wM AND NO> =3 AND W> =WT(3)) OR (CHAN$="t" AND NO> =3 
AND K> =DAY(3)) THEN N2=3:GOTO 10590 
10586 IF (CHAN$ = 'w" AND NO> =2 AND W> =WT(2)) OR (CHAN$ = "t" AND NO> = 2 
AND K> =DAY(2)) THEN N2=2:GOTO 10590 
10588 IF (CHAN$="w" AND NO> =1 AND W> =WT(1)) OR (CHAN$"t" AND NO> =1 
AND K> =DAY(1)) THEN N2=1 
10590 CF= CF(N2):CP = CP(N2)/1000:DE = DE(N2):DIG = DIG(N2):CLC= CLC(N2)/1000: 
LDIG= LDIG(N2)ASH=ASH(N2)/1000:WATER =WATER(N2)/1000:PV= PV(N2) 
10605 IF (HCHA$='t" AND HNO=3 AND K> =HT(3)) OR (HCHA$="w' AND HNO=3 
AND W> =HW(3)) THEN N3=3:LAST(3)=LAST(3)+1:GOTO 10608 
10606 IF (HCHA$=Mt" AND HNO> =2 AND K> =HT(2)) OR (HCHA$='w' AND HNO> =2 
AND W> = HW(2)) THEN N3 = 2:LAST(2) = LAST(2) + 1:GOTO 10608 
10607 IF (HCHA$ ="t"AND HNO> =1 AND K> =1) OR (HCHA$="w" AND HNO> =1 AND 
W> =1) THEN N3=1:LAST(1)=LAST(1)+1 
10608 T=T(N3):CT= F(N3):TH=TH(N3):VE=VE(N3):VL=VL(N3):SM=AREA(N3)/ 
PIGS(N3):K1=23.8-5.63:K2=39.6:K4= 36.5-4.67:K5= 16.4 
10609 IF CF = 0 THEN TH = TH(N3) ELSE TNO(N3) = TNO(N3) + 1:TH = TH + CF*TNO(N3): 
T = Th*VE*VL 
10702 DCPC = DIG *CP:FIPC = PV*DCPC :DCLC = LDIG*CLC:MEC = DE5.63*DCPC : 
DCHO = (MEC18.17*DCPC39.6*DCLC)/17.2:OMC= 1-(ASH +WATER):FOMC = OMC-
DCPC-DCLC-DCHO:FEEC = MEC4.67*DCPC3.8*FOMC + 6*DCLC:K3 = MEC-FEEC:IF 
DCPC< =0 THEN PEFF=0:GOTO 11000 
10710 REM Feed intake to meet energy, protein and ash requirements ** 
10712 PEFF=.0125*(FEEC/DCPC):IF PEFF>.85 THEN PEFF=.85 
11000 EM = 1 .63*PTMA( .27)*PT:PTC= 5AT:PRM = B*PT*LOG(PTM/PT):PR = PRM + (PTC- 
PT):PR1=PR 
11012 LTC = LPRM*PTMA(C)*PTCr(C + 1):LRM = LPRM*(C+ 1)*(PTC/PTM)"C*PR :IF 
LTC> LT THEN LR = LRM + (LTC-LT) ELSE LR = LRM 
11014 FIM=(.075*PT)/FOMC:IF FIM>10 THEN FIM=10 
11016 EPR = K4*PR + K1tPR:ELR = (K2+ KS)*LR:EERQ = EM + EPR + ELR:DFIE = EERQ/ 
FEEC:IPM = .005*EM:LPRQ = 1PM + PR/PEFF:DFLP= IPRQ/FIPC 
11030 ARM= B*AT*LOG(.2*PTM/AT):AR =ARM:DAC= .7ASH:FIAC= .8*DAC:LAM = .005/ 
5*EM: IARQ = LAM +AR/.8:DFLA = IARQ/FLAC 
11040 IF DFIE> =DFIP AND DFIE> =DFLA THEN FI=DFLE ELSE IF DFIP> =DFIE AND 
DFIP> =DFLA THEN FI=DFIP ELSE IF DFIA> =DFIP AND DFIA> =DFIE THEN 
F1=DFIA 
11042 IF Fl = DFIE THEN LM$(K) = LM$(K) +" Energy ":FA(1,K) = 1 ELSE IF H = DFIP 
THEN LM$(K)=LM$(K)+' Protein ":FA(2,K)=1 
11043 IF FI=DFIA THEN LM$(K)=LM$(K)+ Ash 	":FA(3,K)=1 ELSE IF H=DFIE 
AND Fl = DFLP AND F! = DFIA THEN LM$(K) = LM$(K) +" 
11045 IF FI>FIM THEN FI=FIM 
11050 AR = (FI*FLACLAM)*.8:IF AR >ARM THEN AR =ARM 
11052 PR=(FI*F1PCIPM)*PEFF:IF PR>PR1 THEN PR=PR1 
11054 LTC = LPRM*VFM'(C) *PTC'(C + 1):LRM = LPRMt(C + 1)*(PTC/PTM)C*PR: 
LR = (17I*FEEC(K1 + K4)*PR.EM)/(K2+ K5):LREX= LR-LRM:IF LREX < = 0 THEN 
LREX = 0 
11058 H = MEC*FIK1*PRK2*LR:HP = FI*K3+ K4*PR + K5*LR + EM:HW1 = H/(W(2/3)): 
LCT% = (38..(HW135)/.032)*100:UCF% = (38(HW1.5)/.032)*100:LCT = LCF%/100: 
UCT = UCT%/100 
11060 TEMF1=0:TEMF2=0 
11065 IF T> =UCF THEN 11070 ELSE IFT<LCF THEN 11080 
11066 IF REG$> < "rn ' AND T> =LCF AND T<UCF THEN 11100 ELSE IF REG$="m" AND 
T> = LCF AND T< UCF THEN LM$(K) = LM$(K) +" 	":GOTO 11100 
11070 REM** Upper Critical Temperature 
11072 H2 W(2/3)*(5 + .032*(38T)):TEMF1 = F! 
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11073 FI= ((K2+ K5)*H2K2*EM + (K2*K4K1*K5)*PEFF*!PM)/(K5*MEC+ j*j3 + (K2*K4 
K1*K5)*PEFF*FIPC):PR = (FIFIPC-IPM)PEFF:IF PR> PR1 THEN PR = PR1 
11075 Fl = ((K2+ K5)'(H2-K4PR-EM) + K5(EM + (K1 + K4)PR))/(K3(K2+ KS) + K5FEEC): 
LR = (F MECK1PR H2)/K2.TEMF2 TEMF1Fl:GOTO 11100 
11080 REM Lower Critical Temperature ** 
11081IFREGS=UmUTHENRO2=1:LMS(K)=LMS(K)+u Cold  N:FA(5,i)1 
11082 Hi =WA(2/3)*(35 + .032(38-T)):HEXTRA= Hi-H 
11083 IF FI< =DFIE THEN FLEX=HEXTRA/MEC:Fl=FI+FIEXGOTO 11088 
11084 IF Fl> DFLE AND 39.6*LREX> = HEXTRA THEN LR= LR-HEXTRA/39.6:GOTO 
11100 
11086 IF Fl> DFIE AND 39.6LREX< HEXTRA THEN LR =LR-LREXFIEX= (HEXTRA-
39.6LREX)/MEC:Fl= F! + FLEX 
11088 iF FI<FLM THEN 11100 ELSE Fi=FIM 
11090 PR = (F1FIPC-!PM)PEFF:IF PR> PR1 THEN PR = PR1:LR = (FI*MECK1*PRH1)/K2 
11100 REM Stocking Density ** 
11101 STOC=SM/W(2/3):IF STOC< =05 THEN FI=FI*(1+33*LOG(STOC/.05)) 
11103 ROAN=OTEMP= FI:1F INT(FP 1000) = INT(FIM* 1000) ThEN ROAN= 1 
11105 IF TYPES = m THEN F5 = FI/(1-WASTE):WFI =WFI + (F5-FI):GOTO 12000 
11150 IF TYPES=p THEN 11190 ELSE IF TYPE$="c" THEN 11200 ELSE IF TYPE$=Nu 
THEN 11300 ELSE IF TYPES = V THEN 11400 ELSE IF TYPES = "ii" THEN 11500 
11189 REM ** Practical ad libitwn ** 
11190 F5=(W.75)PROP:IF F5>MAXP THEN F5=MAXP:GOTO 11700 
11199 REM constant increment weekly 
11200 IF K-KTEMP<8 THEN IN=STARTCU:GOTO 11240 
11220 IF ((K-KTEMP-1) MOD 7)=0 THEN 1N=IN+INCU 
11240 IF 1N< = MAXCU THEN F5 = IN ELSE IF IN> MAXCU THEN F5 = MAXCU 
11250 GOTO 11700 
11299 REM uniform increments each 5kg pig growth 
11300 WDIF= INT(W-WT1):IF W-WT1 <5 THEN IN= STARTCU:GOTO 11340 
11320 IF (WDIF MOD 5) <2 AND UNTE> <1 THEN 1N= IN+ INCU:UNTE = 1 
11325 IF (WDIF MOD 5)> =2 THEN UNTE=0 
11340 IF IN< =MAXCU THEN F5=IN ELSE IF IN>MAXCU THEN F5=MAXCU 
11350 GOTO 11700 
11399 REM ** varying weekly rations ** 
11400 ZZZ= INT((K-KTEMP-1)/7) + 1:GOTO 11504 
11499 REM ** non uniform rations each 5kg pig growth 
11500 WDIF=!NT(W-W1P1):IF W-WT1<5 THEN ZZZ= 1:GOTO 11510 
11501 IF (WDIF MOD 5)<2 AND UNTE> <1 THEN ZZZ=ZZZ+ 1:UNTE= 1 
11502 IF (WDIF MOD 5)> =2 THEN UNTE=0 
11504 IF ZZZ> =STE THEN ZZZ= STE 
11510 IF N1=1 THEN F5=B1(10+ZZZ) ELSE IF N1=2 THEN F5=B1(50+ZZZ) ELSE IF 
N1=3THENF5=B1(904-ZZZ) 
11700 FI=F5*(1WASTE) :WFl=WFl+F5*WASTE:IF FI< =TEMP THEN ROAN=2 ELSE IF 
FI>TEMP ThEN Fl=TEMP:ROAN=3 
1200() REM Feed intake, ash, protein and lipid growth 
12001 TRUIN=TRUIN + FI:INTAKE= INTAKE + F5:REFU = F5-FI:IF REFU >TEMF2 THEN 
12005 TREFU=TREFU + REFU 
12006 IF FIFEEC<EM OR FIFIAC<LAM OR FIFIPC<IPM THEN 12480 
12007 AR = (FI*F!AC LAM)*.8:IF AR >ARM THEN AR =ARM 
12008 PR=(FI*FiPCIPM)*PEFF:IF  PR>PR1 THEN PR=PR1 
12009 EPR=K4*PR+K1*PR:ELR=Fl*FEECEPREM:IF ELR<0 THEN LR=ELR/K2 ELSE 
LR = ELR/(K2+K5) 
12010 H = MEC*FIK1*PRK2*LR 
12012 HW1 = H/(WA(2/3)) :LCr% = (38(HW1.35)/.032)*100:UCr% = (38(HW1.5)/.032)*100 : 
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Lcr = Lcr%/ 100UCT= UC%/i00 
12013 IF T> =ucr THEN 12020 ELSE IF T<Lcr THEN 12040 
12014 IF REG$=Unf  AND T> =LCr AND T<UCF THEN 12120 ELSE IF REG$> <'mTM AND 
T> =LCT AND T<UCl THEN LM$(K) =LM$(K) + 	U:(3()TO 12120 
12()2() REM**  New Upper Critical Temperature 
12021 ROl = i:LM$(K) = LM$(K) + U Hot ":FA(4,K) = 1 
12023 H2=W(2/3)*(3+.032*(387)):GOTO  12120 
12040 REM S*  New Lower Critical Temperature 
12041 IF REGS> <"nf THEN R02= i:LM$(K) =LM$(K) +. Cold ":FA(5,K) = 1 
12042 Hi =W(2/3)(35 + .032(38-T)):EH1 = Hi-H 
12044 ELR=FIFEEC-EPR-EM-EH1:IF ELR<0 THEN LR=ELR/K2 ELSE LR=ELR/ 
(K2+ K5) 
12120 IF ROAN=0 THEN LM$(K) = LM$(K) + 	 "ELSE IF ROAN= 1 THEN 
LM$(K) = LM$(K) +" Bulk 	":FA(6K) = 1 
12130 IF ROAN= 2 THEN LMS(K) = LM$(K) +" Allowance ":FA(7,K) = 1 ELSE IF 
ROAN=3 THEN LM$(K) = LM$(K) +" Allowed too much ":FA(8,K) = 1 
12135 IF INT(PR 1000)> INT(PRM*  1000) THEN LMS(K) = LM$(K) +" Yes':FA(9,K) = 1 
12275 REM ** Protein, lipid, ash and water mass, live weight, gain 
12276 Fr=PT+PR:LT=LT+LR:AT=AT+AR:YT=32*PTMA(1.9)*PT.9:WE=PT+LT+ 
AT +YT:TEMP=W:GUT= .05*WE + .05*WE*.008*(CF40):W=WE + GUT:GAIN=W-TEMP 
12280 FI(K) = FI:FIM(K) =FIM:PRM(K) =PRM:PR(K) =PR:LRM(K) = LRM:LR(K) =LR: 
GAIN(K) = GAJN:W(K) =W:PT(K) = PT:LT(K) = LTARM(K) =ARM 
12282 AT(K) =ATAR(K) =AR:TEM =TEM + EM:TEPR =TEPR + EPR:TELR =TELR + ELR: 
TEH1 = TEH1 + EH1:TF(K) = T:UCr(K) = UCr:LcF(K) = Lcr 
12300 GOSUB 15800:LOCATE 13,25:PRINT"DAY:",KiOCATE 13,38:PRINVPIG 
WEIGHT:";USING"###.##";W 
12302 INTAKE1 = TRUIN + WFl:IF TREFU> (INTAKE-INTAKE1) THEN TREFU = 
INTAKE-1NTAKE1:I1F TREFU< =0 THEN TREFU = 0 
12304 H1(N3) =W:H2(N3) = K-H2(N3-1)-H2(N3-2):H4(N3) =TRUIN-H4(N3-i)-H4(N3-
2):H3(N3) = H4(N3)/H2(N3):H5(N3) = INTAKE1-H5(N3-1)-H5(N3-2) 
12305 H6(N3) = INTAKE-H6(N3-1)-H6(N3-2):H7(N3) = INT((TREFU-H7(N3-1)-H7(N3-
2))*1000)/1000:IF N3 = 1 THEN WrEMP=W-HW(1) ELSE IF N3>1 THEN WTEMP = 
H1(N3)-Hi(N3-1) 
12306 H8(N3) =WTEMP/H2(N3):H9(N3) = H4(N3)/WTEMP:Hi0(N3) = H5(N3)/WFEMP 
12310 IF (CHANS="t" AND NO=5 AND K=DAY(5)) OR (CHAN$="w" AND NO=5 AND  
W> =Wr(5)) THEN FEEDS =INTAKE-(FEED4+ FEED3 + FEED2+ FEED i):GOTO 12320 
12311 W(CHAN$='t" AND NO> =4AND K=DAY(4)) OR (CHAN$="w" AND NO= >4 
AND W> =Wr(4)) THEN FEED4=LNTAKE-(FEED3+FEED2+FEED1):GOTO 12320 
12312 IF (CHANS="t" AND NO> =3 AND K=DAY(3)) OR (CHAN$="w" AND NO> =3 
AND W> =WT(3)) THEN FEED3=INTAKE-(FEED2+FEED1):GOTO 12320 
12313 IF (CHAN$="t" AND NO> =2 AND K> =DAY(2)) OR (CHAN$="w" AND NO> =2 
AND W> =wr(2)) THEN FEED2=INTAKE-FEED1:GOTO 12320 
12314 IF (CHAN$="t" AND NO>=1AND K>=i) OR (CHAN$="w" AND NO>=1AND 
W> =1) THEN FEED1=INTAKE 
12320 IF SLA$ = "w" THEN 12333 
12322 IF SNO> = lAND K= INT(ST(1)) THEN GOSUB 13000:TEST= 1 
12323 IF SNO> = 2 AND K= INT(ST(2)) THEN GOSUB 13000:TEST= 2 
12324 IF SNO> = 3 AND K= INT(ST(3)) THEN GOSUB 13000:TEST = 3 
12325 IF SNO> =4 AND K=INT(ST(4)) THEN GOSUB 13000:TEST=4 
12330 IF SNO=5 AND K=INT(ST(5)) THEN GOSUB 13000:GOTO 12491 
12332 IF SIA$ = "t" THEN 12350 
12333 IFTEST> <lAND SNO> =1 AND W> =SW(1) AND W<(SW(1)+1.8) THEN GOSUB 
13000:TEST = 1 
12335 IFTEST> <2AND SNO> =2AND W> =SW(2) AND W < (SW(2) +1.8) THEN GOSUB 
13000:TEST= 2 
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12336 IFTEST> <3AND SNO> =3AND W> =SW(3) AND W<(SW(3)+1.8) THEN GOSUB 
I3000-TEST= 3 
12337 IFTEST> <4AND SNO> =4AND W> =SW(4) AND W<(SW(4)+1.8) THEN GOSUB 
13000:TEST= 4 
12338 IF SNO=5 AND W> =SW(5) THEN GOSUB 13000G0T0 12491 
12350 IF LNT(SNO) = TEST THEN 12491 
12355 IF K>240 OR W>200 OR W<1 THEN 12488 
12400 NEXT K 
12480 IF SPF$=f' THEN CLOSE #1 
12482 LOCATE 12,9COLOR 7,0-PRJNV Food intake can not maintain the minimum 
requirement on day",KLOCATE 14,11:PRINV< < Please supply more food or change food 
composition > > U:COLOR 7,4:LOCATE 21,29:PRINV < < Any key please > > U:T4$ = 
1NPU1S(1) :RUNPIGw 
12488 IF SPF$=? THEN CLOSE #1 
12490 LOCATE 12,8:COLOR 7,0PRINV [Unreasonable result! Please change input data and 
tzy again] U:L()CATh  14,13:PRINV< < Particulaiy in feeding regime and feed details > >": 
COLOR 7,4:LOCATE 21,29:PR1NV< < Any key please > >:YN$=INPUT$(1): RUNPIG" 
12491 COLOR 7,1:GOSUB 15820 
12492 OPENNON,#4,UPREVDAT :PRINT #4,KPRINT #4,USING"##.##";(W-HW(l))/K 
PRINT #4,USING###.##';TRUIN/(W-HW(l)):PRINT 
#4,USING'###.##INTAKE/(W-HW(1)):PRINT #4USlNG###.##P2:PRINT #4, 
USING"####.##MARG:CWSE #4 
12493 IF SPF$ = THEN 12495 ELSE 12500 
12495 CLOSE #1:LOCATE 10,26:PR1NV [ END OF MODEL PIG V2.1 ] N :LOCATE 12,20: 
PRINT'Fhe filename of this result is REPORT.PN 
12496 LOCATE 14,8:PRINT"Please use DOS COMMAND: 'RENAME REPORT.P 
Newfllename' to change it!u :LOCATE 16,15:PRlNVOtherwise it will be replaced when you run 
again! 
12497 LOCATE 18,10:PRINT'You can edit this file by using other WORD PROCESSOR 
PACKAGE!N 
12498 GOSUB 15820:LOCATE 21,28:COLOR 7,4:PRINV < < Any key please > > ":COLOR 
7,1:YN$ = INPUT$(1):COLOR 7,1:RUN"PIGM 
12500 COLOR 7,0-.LOCATE 13,26:PRINV [ END OF MODEL PIG V2.1 ] N:COLOR 7,1: 
GOSUB 15820 
12502 GOSUB 15800:LOCATE 21,28:COLOR 7,4:PRINV Save daily data (yin)? 
Y$ = INPUI'$(l):COLOR 7,1 
12503 IF Y$=y OR Y$="Y" THEN 12507 ELSE IF Y$='n" OR Y$=N" THEN RUNTMPIG" 
ELSE BEEP:GOTO 12502 
12507 GOSUB 15820:1,40CATE 21,35:COLOR 7,4:PRINT" Filename: ";:LINE  INI'UT Y$: 
COLOR 7,1 
12508 IF LEN(Y$) <1 OR LEN(Y$) >8 THEN BEEP:GOTO 12507 
12510 OPENWO,#1,Y$+w.GRA :PRINT #1,X 
12511 FOR P=1 TO KPRINT #1,USINGM###.###";PR(P):NEXT P:FOR P=1 TO KPRINT 
#1,USING"###.###"PT(P):NEXT P 
12513 FOR P=1 TO KPRINT #1,USING"###.###";LR(P):NEXT P:FOR P=1 TO KPRINT 
#1,USING"###.###LT(P):NEXT P 
12515 FOR P=1 TO KI'RINT #1,US1NG"###.###",AR(P):NEXT P:FOR P=1 TO K 
PRINT #1,USING"###.###AT(P):NEXT P 
12517 FOR P=1 TO KPRINT #1,USINGU###.###;W(P):NEXT  P:FOR P=1 TO K.PRINT 
#1,USINGU###.###U ;GAIN(P) :NEXT P 
12519 FOR P = 1 TO KPRINT #1,USING"###.###,Fl(P):NEXT P:PRINT #1,GG 
12520 OPENT,#2,GRADEDAr:INPUT #2,XYRINT #1,XFOR P = 1 TO XJNPUT #2, 
P2(P):PRJNT #1,USLNG###.##P2(P):NEXT P 
12525 IF GG=0 THEN FOR P=1 TO XPRINT #1,NOU:NEXT  P:GOTO 12530 
12528 FOR P=1 TO )CJNPUT #2,GPR(P):PRINT #1,USLNG###.###;GPR(P):NEXT P 
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12530 CLOSE #2CLOSE #1 :RUWPIGN 
12700 RTYP=thFOR 1=1 TO B1(121) 
12701 IF TYPES(I)> <'m THEN RTYP = 1:GOTO 12800 
12702 NEXT I 
12800 FD = .89*LT:P2= .91FD + .5:BD =2.5AT-BLOCK 
12802 IF BLOCK< = .24 THEN P2=P21:BL= 1 ELSE IF BLOCK> 24 AND BLOCK< = .49 
THEN P2=P2'1.05:BL=.9 ELSE IF BLOCK> .49 AND BLOCK< =74 THEN P2=P2*1.1: 
BL=.8 ELSE IFBLOCK>.74 THEN P2=P2*1.15:BL=.75 
12807 IF PR>.121 THEN P2=P2-1 ELSE IF PR<.111 THEN P2=P2+1 
12809 KO = 66+ .09*(W.05*WE*.008*(CF40)) + .12*P2+2*BLOCKWC= KOW/100: 
LEAN= 600 + .45*WC7.9*P2*BL:SUBFAT= 61 + 73*P2:HEAD = .053* WE + 12:DISFAT = 
88 + .19WC + 9.4P2RETURN 
13000 GOSUB 1270000L0R 7,1:CLS:IF B8$(3) = NN THEN 13500 
13001 REM Efficiency Report 
13004 IF HNO=2 THEN 28000 ELSE IF HNO=3 THEN 28500 
13010 R1$(1)=?ig live weight (kg) .... ####.##:R1S(2)="Days to slaughter .... #######": 
RIS(3)="Average daily feed intake (kg/day) .... ####.## 
13012 R1$(4) = otal feed intake (kg) .... ####.##N:R1S(5) = Teed intake plus Wastage (kg) 
13016 R1$(6)=Tood allowance (kg) .... ####.##":R1$(7)=Tood refusals due to excess 
temperature(kg) .... 
13018 R1$(8) = 1)aily live weight gain (kg) .... ####.##":R1$(9) = N Feed conversion ratio from 
feed consumed .... ####.##:R1$(10)= 	Feed conversion ratio from feed used 
13100 GOSUB 8000:PRINT SPACE$(26);"EFFICIENCY REPORr:GOSUB 8000:PRINT 
SPACE$(23);USING R1$(1);W:PRINT SPACE$(26);USING R1$(2);KPR1NT SPACE$(9); 
USING R1$(3);TRUIN/K 
13135 PRINT SPACE$(21);USING R1$(4);TRUIN:PRINT SPACE$(14);USING R1$(5); 
INTAKE1:IF RTYP= 1 THEN PRINT SPACE$(24);USING R1$(6);INTAKE:PR1NT USING 
R1$(7);TREFU 
13137 PRINT SPACE$(16);USING R1$(8);(W-HW(1))/KPRINT USING R1$(9);TRUIN/(W-
HW(1)):PPJNT USING R1$(10);INTAKE1/(W-HW(1)):GOSUB 8000 
13180 IF SPF$=f THEN 13300 ELSE IF SPF$="p" THEN 13200 ELSE IF SPF$="s" THEN 
YN$= INPUT$(1):GOTO 13500 
13200 GOSUB 8010:LPRINT SPACE$(26);"EFFICIENCY REPORr:GOSUB 8010:LPRINT 
SPACE$(23);USING R1$(1);W:LPRINT SPACE$(26);USING R1$(2);KLPRINT SPACE$(9); 
USING R1$(3);TRULN/K 
13235 LPR1NT SPACE$(21);USING R1$(4);TRUIN:LPRINT SPACE$(14);USING R1$(5); 
INTAKE1:IF RTYP= 1 THEN LPRINT SPACE$(24);USING R1$(6);INTAKE:LPRINT 
USING R1$(7);TREFU 
13236 LPRINT SPACE$(16);USING R1$(8);(W-HW(1))/KLPRINT USING R1$(9); 
TRUIN/(W-HW(1)):LPRINT USING R1$(10)I4TAKE1/(W-HW(1)):GOSUB 8010 
13240 GOTO 13500 
13300 GOSUB 8020PRNT #1,SPACE$(26);"EFFICIENCY REPORr:GOSUE 8020:PRINT 
#1SPACE$(23);USING R1S(1);W:PRJNT #1,SPACE$(26);USING R1$(2)KPRINT #1 1 
SPACE$(9);USING R1$(3);TRUIN/K 
13335 PRINT #1,SPACE$(21);USING R1$(4);TRUIN:PRINT #1,SPACE$(14);USING R1$(5); 
INTAKE1:IF RTYP= 1 THEN PRINT #1,SPACE$(24);USING R1$(6)LNTAKE:PRINT #1, 
USING R1$(7);TREFU 
13336 PRINT #1,SPACE$(16);USING R1$(8);(W-HW(1))/KPRINT #1,US1NG R1$(9); 
TRUIN/(W-HW(1)):PRI 14T #1,USING R1$(10)INTAKE1/(W-HW(1)):GOSUB 8020 
13500 IF B8$(3) = NU THEN 14000 
13501 REM Biological Report ' 
13503 R2$(1) = 	Energy cost of maintenance (Mi/day) .... ####.##":R2$(2) =" Energy cost 
of protein deposition (MJ/day) .... ####.##":R2$(3) = Energy cost of fat deposition 
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13506 R2$(4) = "Protein deposition (g/day) .... ####.##":R2$(5) = "Fat deposition (g/day) 
####.##":R2$(6)="Ash deposition (g/day) .... ####.##":R2$(7)="Water deposition (g/day) 
####.##" 
13510 R2$(8)=" Total energy for cold thermogenesis (Mi) .... ####.##":R2$(9)="Carcass 
lean (kg) .... ####.##" :R2$(10)="Carcass subcutaneous fat (kg) ####.##":R2$(11)=" 
Carcass total dissectible fat (kg) .... ####.##" 
13512 R2$(12)="Bones in carcass sides (kg) ####.##":R2$(13)="Head weight (kg) 
####.##":R2$(14)="Gut weight (kg) ####.##":R2$(15)="Percentage lean in carcass 
13530 PRINT SPACE$(26);"BIOLOGICAL REPORr:GOSUB 8000:PRINT USING R2$(1); 
TEM/KPRINT USING R2$(2);TEPR/KPRINT USING R2$(3);TELR/KPRINT 
SPACE$(17);USING R2$(4) ;(PTPPT)* 1000/K 
13560 PRINT SPACE$(21);USING R2$(5) ;(LT-LT1)*1000/KPRINT SPACE$(21);USING 
R2$(6);(AT-AT1)1000/KPRINT SPACE$(19);USLNG R2$(7) ;(YTYT1)*1000/KPRINT 
USING R2$(8);TEH1:PRINT SPACE$(26);USING R2$(9);LEAN/1000*WC 
13580 PRINT SPACE$(14);USING R2$(10) ;SUBFAT/1000*WC:PRINT USING R2$(11); 
DISFAT/1000*WC:PRINT SPACE$(16);USLNG R2$(12)BD:PRINT SPACE$(27);USING 
R2$(13);HEAD:PRINT SPACE$(28);USING R2$(14);GUT:PRINT SPACE$(17);USING 
R2$(15)LEAN/10:GOSUB 8000 
13590 IF SPF$ = "f' THEN 13730 ELSE IF SPF$ = "p" THEN 13630 ELSE IF SPF$ = "s" THEN 
YN$ = INPUT$(1):GOTO 14000 
13630 LPRINT SPACE$(26);"BIOLOGICAL REPORr:GOSUB 8010:LPRINT USING R2$(1); 
TEM/KLPRINT USING R2$(2);TEPR/I(LPRINT USING R2$(3);TELR/KLPRINT 
SPACE$(17);USING R.2$(4);(PTPPT)*1000/K 
13660 LPRINT SPACE$(21);USING R2$(5);(LT-LT1)1000/KLPRINT SPACE$(21);USING 
R2$(6) ;(ATAT1)*1000/KLPRINT SPACE$(19);USING R2$(7) ;(YTYT1)*1000/KLPRINT 
USING R2$(8);TEH1:LPRINT SPACE$(26);USING R2$(9) ;LEAN/1000*WC 
13680 LPRINT SPACE$(14);USING R2$(10) ;SUBFAT/1000*WC:LPRINT USING R2$(11); 
DISFAT/1000*WC:LPRINT SPACE$(16);USING R2$(12);BD:LPR1NT SPACE$(27);USING 
R2$(13);HEAD:LPRINT SPACE$(28);USING R2$(14);GUT:LPRINT SPACE$(17);USING 
R2$(15);LEAN/10:GOSUB 8010 
13685 GOTO 14000 
13730 PRINT #1,SPACE$(26);"BIOLOGICAL REPORT":GOSUB 8020:PRINT #1,USING 
R2$(1);TEM/KPR1NT #1,USING R2$(2);TEPR/KPRINT #1,USING R2$(3);TELR/K 
PRINT #1,SPACE$(17);USING R2$(4) ;(PTPPT)* 1000/K 
13760 PRINT #1,SPACE$(21);USING R2$(5) ;(LTLT1)*1000/KPR1NT #1,SPACE$(21); 
USING R2$(6) ;(ATAT1)*1000/KPRINT #1,SPACE$(19);USING R2$(7);(YT-YT1) *1000/K 
PRINT #1,USING R2$(8);TEH1:PRINT #1,SPACE$(26);USING R2$(9);LEAN/1000*WC 
13770 PRINT #1,SPACE$(14);USING R2$(10) ;SUBFAT/1000*WC:PRINT #1,USING 
R2$(11); DISFAT/1000*WC:PRINT  #1,SPACE$(16);USING R2$(12)BD 
13780 PRINT #1,SPACE$(27);USING R2$(13)HEAD:PRINT #1,SPACE$(28);USING 
R2$(14);GUT:PRINT #1,SPACE$(17);USING R2$(15);LEAN/10:GOSUB 8020 
14000 FOR L=1TO MNO 
14002 IF MPAY$(L) = "f' OR MPAY$(L) = "1" THEN TPRJCE = PAY(L):GOTO 14093 
14010 SUM=0:FOR 1=1 TO 5:GE(I)=0:GPR(I)=0:NEXT I:B1=31938:B2=-35656: 
B3= 1.781478:B4= -1.82126:B5= 1.33027:P= .231642:PI=3.14159 
14030 IF GNO(L) = 1 THEN 14089 
14033 MU = LOG(P2)-(VP22)/2:PROON= 0 
14035 FOR J = 1 TO GNO(L)-1:X= (LOG(B7(12+J + 15*(L1)))MU)/VP2:T= 1/(1 + P*X) : 
NDC= 1*EXP(X*X/2)/(SQR(2*PI)) :PROON=NDC*(B1*T+ B2*TA2+ B3T"3 + B4T'4+ 
B5*TA5) :GB(J) = (INT(PROON*10000))/10000:NEXT J 
14070 SUM=0:TPRICE=0:FOR J=B7(7+15*(L1))  TO 2 STEP-i 
14076 IF SUM = 1 THEN GPR(J) =0:GOTO 14087 
14077 GPR(i)=GB(J-1)-GB(i):IF GPR(J)>1 THEN GPR(J)=1 ELSE IF GPR(J)< =0 THEN 
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GPR(J) =0 
14082 SUM = SUM + GPR(J):IF SUM >1 THEN GPR(J) = GPR(J)-(SIJM-1):SUM = 1 
14087 NEXT J 
14089 GPR(1) = 1-SUM 
14092 FOR J = 1 TO GNO(L):TPRICE = TPRICE + B7(7+J + 15*(L1))*GPR(J):NEXT J 
14093 TFC= (FCOST(1)FEED1 + FCOST(2)FEED2+ FCOST(3) FEED3 + FCOST(4) 
FEED4+ 
14095 MARG = (TPRICEWC/100)-TFC-WCOST 
14110 IF B8$(4)=Nnu THEN 14800 
14111 REM 00 Carcass Report 
14112 R3$(1)="Carcass weight (kg) .... ####.##":R3$(2)=Killing-out percentage (%) 
####.## :R3$(3)=uPercentage  lean in carcass .... ####.## 
14115 R3$(4)=1,ean meat yield (kg) ####.##":R3$(5)=P2 (mm) ####.##": 
R3$(6) = Pigs not graded":R3$(7) = OPercent pigs in Grade 
14130 PRINT SPACE$(29);CARCASS REPORT':GOSUB 800(kPRINT SPACE$(24);USING 
R3$(1);WC:PRINT SPACE$(17);US1NG R3$(2)KO:PRINT SPACE$(17);USING R3$(3); 
LEAN/10PRINT SPACE$(23);USING R3$(4);LEAN/1000WC:PRINT SPACE$(36);USING 
R3$(5)P2 
14170 IF MPAY$(L) = "f' OR MPAY$(L) = "1" THEN PRINT SPACE$(28);R3$(6):GOTO 14195 
14172 FOR J= 1 TO GNO(L):PRINT SPACE$(19);R3$(7);" 
GPR(J)100:NEXT J 
14180 (Xi = GG + 1:OPEN"O",#3,"GRADEDAV:PRINT #3,GNO(L):FOR J = 1 TO GNO(L) 
14184 IFJ=GNO(L) THEN PRINT #3,B7(11+J+15(L-1))+2:GOTO 14187 
14186 PRINT #3,B7(I2+J+15*(L1)):NEXTJ 
14187 FOR 1=1 TO B7(7+ 15(L-1)):PRINT #3,GPR(I)100:NEXT I:CLOSE #3 
14195 GOSUB 8000:I1F SPFS = "f' THEN 14430 ELSE IF SPF$ = "p" THEN 14230 ELSE IF 
SPFS = "s" THEN YNS = INPUT$(1):GOT0 14800 
14230 LPRINT SPACE$(29);"CARCASS REPORT:GOSUB 8010:LPRINT 
SPACE$(24);USING R3$(1);WC:LPRJNT SPACE$(17);USING R3$(2)K0:LPRINT 
SPACE$(17);USING R3$(3); LEAN/10-1,PRINT SPACE$(23);US1NG R3$(4);LEAN/ 
1000WC:LPRINT SPACE$(36); USING R3$(5);P2 
14270 IF MPAY$(L)= OR MPAY$(L)="l" THEN LPRINT SPACE$(28)R3$(6):GOTO 
14295 
14272 FOR J = 1 TO GNO(L):LPRINT SPACE$(19)R3$(7)J," 
GPR(J)100:NEXT J 
14295 GOSUB 8010:GOTO 14800 
14430 PRINT #1,SPACE$(29);"CARCASS REPORT:GOSUB 8020:PRINT #1,SPACE$(24); 
USING R3$(1);WC:PRINT #I 1SPACE$(17);USING R3$(2);KO:PRINT #1,SPACE$(17); 
USING R3$(3);LEAN110 
14438 PRINT #1,SPACE$(23);USING R3$(4)LEAN/1000WC:PRINT #1,SPACE$(36); 
USING R3$(5)P2 
14470 IF MPAY$(L) = "ft' OR MPAY$(L) = UN THEN PRINT #1,SPACE$(28)R3$(6):GOTO 
14495 
14472 FOR J = 1 TO GNO(L):PRINT #1,SPACE$(19)R3$(7);J;" 
GPR(J)100:NEXT J 
14495 GOSUB 8020 
14800 IF B8$(6) = "n" THEN 15545 
14801 REM** Financial Report 
14810 R4$(1) = 'Pig places in last house #######":R4$(2) =" 	Batches per year through 
last house ####.##":R4$(3)="Total pigs through unit/year #######":R4$(4)=" 
Average price per kg dead weight (p) .... ####.##" 
14814 R4$(5) = "Average value of pig (pounds) ####.##":R4$(6) = "Usage of feed 1(kg) 
####.##":R4$(7)="Usage of feed 2 (kg) ####.##":R4$(8)="Usage of feed 3 (kg) 
14815 R4$(9)="Usage of feed 4 (kg) ####.##":R4$(10)="Usage of feedS (kg) 
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####.##:R4$(11)=TotaI feed cost (pounds) 
14822 R4$(12) = Pigs not graded no financial returns calculatedM:R4$(13) =" Margin over feed 
and weaner costs (pounds) .... ####.##U:R4S(14) = 	Gross margin per pig (pounds) 
14825 R4$(15) = Gross margin/year (thousands of pounds) .... ####.##":R4$(16) =" Net 
margin/year (thousands of pounds) .... ####.##:PLACE= PENO(HNO)tPIGS(HNO): 
BATCH = 365/(LAST(1) + EMPT(1)) 
14902 IF PLACE*BATCH>  =WEANO THEN WEA=WEANO ELSE IF PLACE*BATCH< 
WEANO THEN WEA=PIACEBATCH 
15000 PRINT SPACE$(27);"FINANCIAL REPORr:GOSUB 8000:PRINT SPACE$(19); 
USING R4S(1)PLACE:PRINT USING R4$(2);BATCH:PRINT SPACE$(15);USING R4$(3); 
WEAJF WC<B7(4-s- 15*(L.1))  OR WC>B7(5+ 15*(L1))  THEN 15030 
15020 PRINT USING R4$(4);TPRICE:PRINT SPACES(14);USING R4$(5);77RICEWC/100 
15030 PRINT SPACE$(23);USING R4$(6);FEED1:IF NO> = 2 THEN PRINT SPACE$(23); 
USING R4$(7);FEED2 
15031 IF NO> =3 THEN PRINT SPACE$(23);USING R4$(8);FEED3 
15032 iF NO> =4 THEN PRINT SPACE$(23);USING R4$(9)FEED4 
15033 IF NO=5 THEN PRINT SPACE$(23);USING R4$(10);FEED5 
15034 PRINT SPACE$(19);USING R4$(11);TFC:IF WC<MINW(L) OR WC>MAXW(L) 
THEN PRINT R4$(12):GOTO 15080 
15050 PRINT USING R4$(13)MARG:PRINT USING R4$(14);MARG-VV:PR1NT USING 
R4$(15) ;((MARGVV)*WEA)/1000:PRINT USING R4$(16);((MARG-VV)WEA)/1000-IX 
13080 GOSUB 8000:I1F SPF$ = Nfl THEN 15200 ELSE IF SPF$ = NpN THEN 15100 ELSE IF 
SPF$="s" THEN YN$=INPUT$(1):GOTO 15545 
15100 LPRINT SPACE$(27);T1NANCIAL REPORT:GOSUB 8010:LPRINT SPACE$(19); 
USING R4$(1)PLACE:LPRINT USING R4$(2);BATCH:LPRINT SPACE$(15);USING 
R4$(3);WEAIF WC< B7(4+ 15*(L1))  OR WC> B7(5 + 15(L-1)) THEN 15130 
15120 LPRINT USING R4$(4);TPRICE:LPRINT SPACE$(14);USING R4$(5); 
TPRICEWC/100 
13130 LPRINT SPACE$(23);USING R4$(6);FEED1:I1F NO> =2 THEN LPRINT SPACE$(23); 
USING R4$(7);FEED2 
13131 IF NO> =3 THEN LPRINT SPACE$(23);USING R4$(8);FEED3 
15132 IF NO> =4 THEN LPRINT SPACE$(23);USING R4$(9)FEED4 
13133 IF NO=5 THEN LPRINT SPACE$(23);USING R4$(10)FEED5 
15140 LPRINT SPACE$(19);USING R4$(11);TFC:IF WC<MINW(L) OR WC>MAXW(L) 
THEN LPRINT R4$(12):GOTO 15180 
13150 LPRINT USING R4$(13);MARG:1.PRINT USING R4$(14)MARG-VV:LPRINT USING 
R4$(15);((MARG-VV)WEA)/1000:LPRINT USING R4$(16);((MARG-VV)WEA)/1000-IX 
13180 GOSUB 8010:IF B8$(2) = UnN AN) B8$(3) = NnN ftJU 5$(5) = THEN 15185 ELSE 
GOSUB 8050 
13185 IFL=MNO THEN 15550 ELSE 15545 
13200 PRINT #1,SPACE$(27);TINANCIAL REPORT:GOSUB 8020:PRINT #1,SPACE$(19); 
USING R4$(1);PLACE:PRINT #1,USING R4$(2);BATCH:PRINT #1,SPACE$(15);USING 
R4$(3);WEA:IF WC< B7(4+ 15*(L1))  OR WC > B7(5 + 13(L-1)) THEN 15230 
13220 PRINT #1,USING R4$(4);TPRICE:PRINT #1,SPACE$(14);USING R4$(5); 
TPRICE*WC/100 
13230 PRINT #1,SPACE$(23);USING R4$(6)FEED1:W NO> = 2 THEN PRINT #1, 
SPACE$(23);USING R4$(7)FEED2 
13231 IF NO> =3 THEN PRINT #1SPACE$(23);USING R4$(8)FEED3 
13232 IF NO> =4 THEN PRINT #1,SPACE$(23);USING R4$(9)FEED4 
13233 IF NO=5 THEN PRINT #1,SPACE$(23);USING R4$(10)FEED5 
13234 PRINT #1,SPACE$(19);USING R4$(11);TFC:LF WC<MINW(L) OR WC>MAXW(L) 
THEN PRINT #1,R4$(12):GOTO 15280 
13250 PRiNT #1,USING R4$(13)MARG:PRINT #1,USING R4$(14)MARG-VV:PRINT #1, 
USING R4$(15);((MARGVV)*WEA)/1000:PR1NT #1,USING  R4$(16) ;((MARGVV)*WEA) 
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/1000-Ix 
15280 GOSUB 8020-IF B8$(2) = "n" ANTI) $(3) = UN AND B8$(5) = "n" THEN 15285 ELSE 
GOSUB 8060 
13285 IF L=MNO THEN 15550 
15545 NEXT LPRINT:PRNT 
15550 IF SPFS = "p" AND B8$(2) = "flu AND 5$(3) = AND B8$(5) = " flu THEN GOSUB 8050 
ELSE IF SPF$ = "1' AND B8$(2) = "n" AND B8$(3) = "fl" AND $(5) = WN THEN GOSUB 8060 
15551 IF SPF$="p" OR SPFS="f" THEN 15565 
15553 OPEN"r,#l,?REVJ)AT":FOR 1=1 TO 6:INPUT #1,PREV(I):NEXT I:CLOSE #1: 
GOSUB 20100 
13560 LOCATE 23,1:PRINT SPACE$(79):LOCATE 23,11:COLOR 7,4:PRINV Fl) = Limiting 
Factor; F3)=Review, F4)=Diary; F6)= Continue ";:Y$=INPUT$(l):COLOR 7,1 
15562 IF Y$="#" THEN 16000 ELSE IFY$="-" THEN 13000 ELSE IF Y$="$" THEN 17000 
ELSE IF Y$ = " THEN 15565 ELSE BEEP:GOTO 15560 
15565 COLOR 7,0-.CLS:FOR I = 2 TO 22:FOR J = 1 TO 55 STEP 26:LOCATE I,J:PRINT" - - - 	- 
- ":NEXTJ:NEXTI 
15567 COLOR 6,0:FOR 1=1 TO 79iOCATE 1,I:PRINV6":LOCATE 23,I:PRJNTë":NEXT I 
13568 FOR 1=2 TO 22:LOCATE I,1:PRINT" 1":LOCATE 1,79:PRINT"":NEXT I 
15569 LOCATE 1,1:PRINT"e":LOCATE 1,79:PRINTT:LOCATE 23,1:PRINT"à':LOCATE 
23,79:PRINTT 
15572 COLOR 2,1:LOCATE 2,46:PRINT"Copyright (c) Shii-Wen Roan 1991":LOCATE 3,14: 
COLOR 7,4:PRINTU*  Animal Sciences Division, Edinburgh University " 
15710 LOCATE 5,23:PRINT" < < Edinburgh Model Pig V2.1 > > ":GOSUB 15800:LOCATE 
21,30:COLOR 31,0:PR1NT"< << Calculating > > >":COLOR 7,0:RETUIRN 
15800 COLOR 7,4:LOCATE 7,23:PRINT"Date: ";DATE$:LOCATE 7,43:PRINT"'Fime: ";TIME$ 
COLOR 7,1:RETURN 
15820 COLOR 7,0:FOR J = 1 TO 55 STEP 26:LOCATE 21,J:PRINT" - - - - - - - 
NEXT J:COLOR 6,0:LOCATE 21,1:PR1NT"'":LOCATE 21,79:PR1NT"":COLOR 7,1: 
RETURN 
16000 REM Limiting Factors 
16001 GOSUB 22100:COLOR 7,1:CLS:PRINT'Day ri Weight u Diet 	Environment 11 
Bulk or Allowance 11 Compensation" 
16002 LOCATE 2,1:COLOR 7,4:FOR I = 1 TO 80:PRINVë";:NEXT I:LOCATE 2,5:PRINT"6": 
LOCATE 2,14:PRINT"6":LOCATE 2,31:PRINT"6":LOCATE 2,45:PRINT"6":LOCATE 2,65: 
PRINT"ö":COLOR 7,1 
16030 LOCATE 3,1:1 = 1:FOR Y= 1 TO KPRINT USING"### ###.## ";Y;W(Y);:PRINT 
LM$(Y) 
16035 IF K=20I THEN 16070 ELSE IF (Y MOD 20)=0 THEN I=I+1:GOSUB 16210:GOSUB 
16100:GOSUB 16200:LOCATE 3,1 
16070 NEXT Y:GOSUB 16210:I1F R01=1 OR R02=1 THEN GOSUB 16100:GOSUB 20000 
16080 LOCATE 23,1:PR1NT SPACE$(79):LOCATE 23,5:COLOR 7,4:PRINV F2) = Back to 
Report; F3)= Review; F4)=Diary F6)= Continue; F7)=Print ";:YS=INPUT$(1):COLOR 7,1 
16082 IF Y$="@" THEN 13000 ELSE IF Y$="-" THEN 16000 ELSE IF Y$="$" THEN 17000 
ELSE IF Y$="'" THEN 13565 ELSE IF Y$="&" THEN 16500 ELSE BEEP:GOTO 16080 
16100 LOCATE 23,29:COLOR 7,4:PRINT" < < Any key please > > ";:S$ = INPUT$(1):COLOR 
7,1:RETURN 
16200 FOR Z= 1 TO 20iOCATE Z+2,1:PRJNT SPACE$(80):NEXT Z:RETURN 
16207 FOR Z= 1 TO 18:LOCATE Z+4,1:PRINT SPACE$(80):NEXT Z:RETURN 
16210 FOR 11=1 TO 20:LOCATE ll+2,5:PRINT'":LOCATE H+2,14:PRINT"":LOCATE 11+ 
2,31:PRINT"":LOCATE II + 2,45:PRINT"":LOCATE II + 2,65:PR1NT"":NEXT ll:RETURN 
16500 LOCATE 23,1:PRINT SPACE$(79):COLOR 7,4:LOCATE 23,16:PRINT" 172) = No print; 
F9)=Printer; F10)=Save as a file ";:Y$=INPUT$(1):COLOR 7,1 
16502 IF Y$="@" THEN 16080 ELSE IF Y$="y" THEN 16510 ELSE IF Y$="n" THEN 26510 
ELSE BEEP:GOTO 16500 
16510 GOSUB 18000:LPRINT:LPRINT SPACE$(26);" < < Limiting factors > > ":LPRINT 
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16511 GOSUB 8010LPR1N'rDay I Weight  I Diet I Environment  I Bulk or Allowance 
I Compensation 
16520 GOSUB 8011:FOR Y=1 TO K.LPRINT USING### I ###.## I N;Y;W(Y);:LPRINT 
LM$(Y):NEXT Y:GOSIJB 8010.LPRINTCHR$(12):GOTO 16080 
17000 REM ' Event Diaiy 
17001 COLOR 7,1:CIS:PRINT" 	 Max 11 Prot 0 Max M Lipid Ash 11 Max 
EffectW' 
17002 LOCATE 2,1:PRINTDayWeightuIntakeUIntake Retenu PR Xx Reten= Reten AR 
Temp ri  Comfort zone" 
17003 LOCATE 3,1:PRINT 11 (kg) 11(kg/d) (F1M)J (PR) M (PRM) (LR) 11 (AR) U(ARM) 
('F) nBottomm Top" 
17005 LOCATE 4,1:COLOR 
e&oëoëëW2ë":COLOR 7,1 
17030 LOCATE 5,1:1= 1:FOR Y= 1 TO KPRINT USING*###C(###.##r(##.###tx  
##.### #.### #.### #.### #.###Zi#.######.#####.#####.##";Y; 
W(Y) PR(Y);PRM(Y)R(Y)AR(Y)ARM(Y);TF(Y)LCr(Y);UCr(Y) 
17035 IF K=18*I THEN 17070 ELSE IF (Y MOD 18)=0 THEN I=I+1:GOSUB 16100:GOSUB 
16207:LOCATE 5,1 
17070 NEXT Y 
17300 LOCATE 23,1:PRINT SPACE$(79):LOCATE 23,1:COLOR 7,4:PRINT" Fl) = Limiting 
Factor; F2)=Back to Report; F3)=Review, F6) = Continue; F7)=Print 0;:Y$=INPUT$(1): 
COLOR 7,1 
17310 IF Y$="#" THEN 16000 ELSE IF Y$="@" THEN 13000 ELSE IF Y$="-" THEN 17000 
ELSE IF Y$=' THEN 15565 ELSE IF Y$="SC THEN 17350 ELSE BEEP:GOTO 17300 
17350 LOCATE 23,1:PRJNT SPACE$(79):COLOR 7,4:LOCATE 23,16:PRINV F2) = No print; 
F9)=Printer; F10)=Save as a file ";:Y$=INPUT$(1):COLOR 7,1 
17352 IF Y$="@"  THEN 17300 ELSE IF Y$=Y THEN 17500 ELSE IF Y$="n" THEN 27500 
ELSE BEEP:GOTO 17350 
17500 GOSUB 18000LPRINT:LPRINT SPACE$(28);"< < Event diary > >":LPRINT 
17501 GOSUB 8010:LPRINV I 	I I Max  I Prot  I Max  I Lipidl Ash I Max lEffecti" 
17502 LPRINT"Day I Weight I Intake  I Intake  I Reten  I PR  I Reten  I Reten  I AR  I Temp  I Comfort 
zone" 
17503 LPRJNT" I (kg)  I (kg/d)  I (FIM)  I (PR)  I (PRM)  I (LR)  I (AR)  I (ARM)  I (T)  I Bottom  I 
Top" 
17505 GOSUB 8011:FOR Y=1 TO KLPRINT USING"###I###.##I##.###I##.###I 
#•### I #.### I #.### I #.### I #.### I ###.## I ###.## I ###.##";Y;W(Y)F1(Y); 
FPR(YPRM(Y)R(Y)AR(Y)ARM(Y);rF(Y)LcF(Y);UcF(Y):NEXT Y 
17535 GOSUB 8010LPRINT CHR$(12):GOTO 17300 
18000 LOCATE 23,1:PRINT SPACE$(79):LOCATE 23,31:COLOR 31,5,0:PRINT"< < Printing 
> >":COLOR 7,1:RETURN 
18010 LOCATE 23,1:PRINT SPACE$(79):LOCATE 23,31:COLOR 31,5,0:PRINV< < Saving 
> >":COLOR 7,1:RETURN 
20000 IF R01=1 OR (RO1=1 AND R02=1) THEN 20002 ELSE IF R02=1 THEN 20020 
ELSE IF RO1=0 AND R02=0 THEN RETURN 
20002 COLOR 7,0:LOCATE 8,20:PRINT" 	 ëëëeeëëe£" 
20003 LOCATE 9,20:PRINT" 13 Solutions for heat stress: El " 
20004 LOCATE 10,20:PRINT" 1. reduce house temperature, or El 
20006 LOCATE 11,20:PRINT" 11 2. reduce food intake, or 	0" 
20007 LOCATE 12,20:PRINV n 3. increase C.P. contents, or 13"  
20008 LOCATE 13,20:PRINV 1 4. reduce DE contents 
20009 LOCATE 14,20:PRINV àë 	&." 	&ëëëëëëëëI ":COLOR 7,1:I1F 
R02=0 THEN RETURN 
20020 COLOR 7,0-LOCATE 15,20:PRINV 	 eëëeë£" 
20021 LOCATE 16,20.PRINT" N Solutions for cold stress: 	" 
20022 LOCATE 17,20.PRINT" Xx 1. increase house temperature, or " 
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20026 LOCATE 18,20PRINV 13 2. increase food intake, or 
20027 LOCATE 19,2(PRINV 0 3. reduce C.P. contents, or 
20028 LOCATE 20,20:PRINV xx 4. increase DE contents 
20029 LOCATE 21,2(kPRINV A 	 ":COLOR 7,1: 
RETURN 
20100 COLOR 7,OiOCATE 11,10.PRINV ë ëëëëëëëë 
20124 LOCATE I2,10PRINT " 	 Previous Current El 
20125 LOCATE 13,10-PRINT USING" U 	Days to slaughter ... ###### ###### 
"PREV(1)K 
20126 LOCATE 14,10-.PRINT USING" U Daily live weight gain (kg) ... ###.## ###.## rx 
",J'REV(2);(W-HW(1))/K 
20127 LOCATE 15,10PRINT USING" 
	
FCR from feed consumed ... ###.## ###.## 
13 "PREV(3)•ThUIN/(W11W(1)) 
20129 LOCATE 16,10-PRINT USING" 
	
FCR from feed used ... ###.## ###.## 
20130 LOCATE 17,10PRINT USING" U 	 P2 (mm) ... ###.## ###.## U 
";PREV(5)P2 
20132 LOCATE 18,10:PRINT USING" U Margin over feed and weaner () ... ###.## 
###.## 13 "PREV(6),MARG 
20135 LOCATE 19,10:PRINT" a& Wë1 
":COLOR 7,1:RETURN 
22000 COLOR 7,0-.CLS:FOR 1=4 TO 19:LOCATE I,9:PRINV6":NEXT I 
22010 FOR 1=9 TO 80:LOCATE 19,I:PRINT"6":NEXT I:FOR 1=0 TO 7:COLOR 4,0:LOCATE 
19,9 + 10*I:PRINT6U:COLOR 7,0:NEXT I 
22015 LOCATE 2,28:PRINT"Possible Limiting Factors" 
22020 LOCATE 6,1:COLOR 7,1:PRINT"Energ':COLOR 7,0:LOCATE 7,1:COLOR 7,2:PRINT 
"Protein":COLOR 7,0:LOCATE 8,1:COLOR 7,3:PRINT"Ash":COLOR 7,0 
22030 LOCATE 10,1:COLOR 7,4:PRINT"Hot":COL0R 7,0:LOCATE 11,1:COLOR 7,5:PRINT 
"Cold":COLOR 7,0:LOCATE 13,1:COLOR 7,6:PRI4T"Bulk":COLOR 7,0:LOCATE 14,1: 
COLOR 7,8:PRINTAIIow":COLOR 7,0 
22040 LOCATE 15,1:COLOR 7,9:PRINT"Refusa1":COLOR 7,0iOCATE 17,1:COLOR 7,4: 
PRINT"Compen":COLOR 7,0:1.00ATE 2240:PRINT"Day":RETURN 
22100 GOSUB 22000:LOCATE 20,9:PRINT"0":FOR I = 1 TO 7:LOCATE 20,9 + 10I:PRINT 
USING"##";lOI:NEX'l' I 
22105 X=0:FOR J=1 TO K 
22120 IF FA(1,J)=1 THEN COLOR 7,1:LOCATE 6,J+970*XPRINTNN:COLOR  7,0 
22125 IF FA(2,J) = 1 THEN COLOR 7,2:LOCATE 7,J + 9.70*XPRINV ":COLOR 7,0 
22130 IF FA(3,J)=1 THEN COLOR 7,3:LOCATE 8,J+9-70XPRINV ":COLOR 7,0 
22135 IF FA(4,.J) = 1 THEN COLOR 7,4:LOCATE 10,J +970*XPRINTMThCOLOR  7,0 
22140 IF FA(5,J)=1 THEN COLOR 7,5:LOCATE 11,J+9-70XPRINV ":COLOR 7,0 
22145 IF FA(6,J) = 1 THEN COLOR 7,61OCATE 13,J +970*XPRINV  ":COLOR 7,0 
22150 IF FA(7rJ) = 1 THEN COLOR 7,8:LOCATE 14,J +970*XPRINV  ":COLOR 7,0 
22155 IF FA(8,J) = 1 THEN COLOR 7,9:LOCATE 15,J +970*XPRINV  ":COLOR 7,0 
22160 IF FA(9,J) = 1 THEN COLOR 7,4:LOCATE 17,J +970*XPRINV  ":COLOR 7,0 
22180 IFJ=70 THEN Y$=INPUT$(1):GOSUB 22000:FOR 0 = 0 TO 7:LOCATE 20,8+10*0: 
PRINT USINGN###u;70+10*0:NEXT  QX=1 
22182 IFJ=140 THEN Y$=INPUT$(1):GOSUB 22000:FOR 0=0 TO 7:LOCATE 20,8+10*0: 
PRINT USING"###";140+10tQ:NEXT QX=2 
22200 NEXT J:Y$=INPUT$(1):RETURN 
26510 OPEN"O",#1,"LIM1T.PIG" 
26515 GOSIJB 18010:PRINT #1,:PRINT #1,SPACE$(26);"< < Limiting factors > >":PRINT 
#1, 
26518 GOSUB 8020-PR1NT #1,"Day I Weight  I Diet I Environment  I Bulk or Allowance 
I Compensation" 
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26520 GOSUB 8021:FOR Y=1 TO K.PRINT #1,USINGM### I ###•## I ;Y;W(Y);:PRINT 
#1,LM3(Y):NEXT Y:GOSUB 8020.PRINT #1,:PRINT #1,CHRS(12):CLOSE #1 
26530 GOTO 16080 
27500 OPEN1O,#1,EVENT!IG 
27505 GOSUB ISO1thPRINT #1,:PRINT #1,SPACE$(28);< < Event diary > >:PRINT #1, 
27510GOSUB8020PRINT#1,u I I 	I MaxlProtlMax$LipidlAshlMaxlEffectl" 
27512 PRINT #1,"Day I Weight I Intake I Intake  I Reten I PR I Reten I Reten I AR  I Temp 
Comfort zone 
27513 PRINT #1,U I (kg) I (kg/d) I (FIM)  I (PR)  I (PRM)  I (LR)  I (AR)  I (ARM)  I (F) 
IBottoml Topw 
27515 GOSUB 8021:FOR Y= 1 TO KPRINT #1,US1NG"### I ###.## I ##.### I ##.### I 
#•### I #.### I #.### I #.### I #.### I ###.## I ###.## I ###.##;Y;W(Y);FI(Y); 
FPR(Y)PRM(Y)R(Y)AR(Y)ARM(;T(Y)LcF(Y);Ucr(Y):NEXT Y 
27535 GOSUB 8020:PRINT #1,:PRINT #1,CHR$(12):CLOSE #1 
27540 GOTO 17300 
28000 R1$(1)="Pig live weight (kg) .... ####.## ####.## ####.##":R1$(2)='Days to 
slaughter .... ####### ####### #######":R1$(3)="Average daily feed intake 
(kg/day) ####.## ####.## ####.##" 
28012 R1$(4)="Total feed intake (kg) ####.## ####.## ####.##":Rl$(S)=Teed 
intake plus Wastage (kg) ####.## ####.## ####.##" 
28016 R1$(6)="Food allowance (kg) ####.## ####.## ####.##":R1$(7)="Food 
refusals due to excess temperature(kg) ####.## ####.## ####.##" 
28018 R1$(8)="Daily live weight gain (kg) .... ####.## ####.## ####.##":Ri$(9)=" 
Feed conversion ratio from feed consumed .... ####.## ####.## ####.##":Ri$(iO) =" 
Feed conversion ratio from feed used ####.## ####.## ####.##" 
28100 GOSUB 8000:PRINT SPACE$(26);"EFFICIENCY REPORT Total House-i House-
2" 
28105 GOSUB 8000:PRINT SPACE$(23);USING Ri$(i);WH1(i);H1(2):PRINT SPACE$(26); 
USING Ri$(2);K;H2(1)H2(2):PRINT SPACE$(9);USING R1$(3);TRUIN/KH3(1)H3(2) 
28135 PRINT SPACE$(21);USING R1$(4);TRUIN;H4(1)H4(2) 
28136 PRINT SPACE$(14);USING R1$(5)INTAKE1;H5(1),H5(2):W RTY= 1 THEN PRINT 
SPACE$(24);USING R1$(6);INTAKE;H6(1)H6(2):PRINT USING Ri$(7);TREFU;H7(i); 
H7(2) 
28137 PRINT SPACE$(16);USING R1$(8);(W-HW(1))/KH8(1);H8(2):PRINT USING R1$(9); 
TRUIN/(W-HW(i));H9(1)H9(2):PRINT USING R1$(10);INTAKE1/(W-HW(1));Hi0(1); 
H10(2):GOSUB 8000 
28180 iF SPF$=i' THEN 28300 ELSE IF SPF$="p" THEN 28200 ELSE IF SPFS="s" THEN 
YN$ = INPUT$(1):GOTO 13500 
28200 GOSUB 8010:LPRINT SPACE$(26);"EFFICIENCY REPORT Total House-i House-
2" 
28205 GOSUB 8010LPRINT SPACE$(23);USLNG R1$(i);W;Hi(1)H1(2):LPRINT 
SPACE$(26);USING Ri$(2);K;H2(1);H2(2):LPRINT SPACE$(9);USING Ri$(3); 
TRUINi3(i); H3(2) 
28235 LPRINT SPACE$(21);USING R1$(4);TRUINH4(1)H4(2):LPRINT SPACE$(14) 
;USING Ri 	TAE1H5(1)H5(2):W RTYP = 1 THEN LPRINT SPACE$(24);USING 
R1$(6); LNTAKEH6(1)H6(2):LPRINT USING Ri$(7);TREFU; H7(1)H7(2) 
28236 LPRINT SPACE$(16);USING R1$(8);(W-HW(1))/KH8(1)H8(2):LPRINT USING 
R1$(9);TRUN/(W-HW(1))H9(1)H9(2):LPRINT USING R1$(10)INTAKE1/(W-HW(1)); 
H10(i)H10(2):GOSUB 8010 
28240 GOTO 13500 
28300 GOSUB 8020:PRINT #1,SPACE$(26);"EFFICIENCY REPORT Total House-i 
House-2" 
28305 GOSUB 8020.PRINT #1,SPACE$(23);USING R1$(i);WH1(i)H1(2):PRINT #1, 
SPACE$(26);USING Ri$(2)KH2(1)H2(2):PRINT #1,SPACE$(9);USING R1$(3);TRUIN/K 
3(i)2) 
28335 PRINT #1,SPACE$(21);USING R1$(4);TRUIN$4(1);H4(2):PRINT #1,SPACE$(14); 
USING R1$ 	TAKE1H5(1);H5(2),IF RTYP= 1 THEN PRINT #1,SPACE$(24);USING 
RIS(6),INTAKE;H6(1)H6(2):PRINT #1,US1NG R1$(7); TREFU;H7(1)H7(2) 
28336 PRINT #1,SPACE$(16);USING R1S(8);(W-HW(1))/KB8(1)H8(2):PRINT #1,USING 
R1$(9);TRUIN/(W-HW(1));H9(1);H9(2):PRINT #1USLNG R1$(10)INTAKE1/(W-HW(1)); 
H10(1);H10(2):GOSUB 8020 
28340 GOTO 13500 
28500 R1$(1)="Pig live weight (kg) .... ####.## ###.## ###.## ###.##":R1$(2)="Days 
to slaughter ####### ###### ###### ######":R1$(3)="Average daily feed 
intake (kg/day) ####.## ###.## ###.## ###.##" 
28512 R1$(4)='"Total feed intake (kg) ####.## ###.## ###.## ###.##":Rl$(S)= 
Teed intake plus Wastage (kg) ####.## ###.## ###.## ###.##" 
28516 R1$(6)="Food allowance (kg) ####.## ###.## ###.## ###.##":R1$(7)= 
"Food refusals due to excess temperature(kg) ####.## ###.## ###.## ###.##" 
28518 R1$(8) = "Daily live weight gain (kg) ####.## ###.## ###.## ###.##": 
R1$(9)=" Feed conversion ratio from feed consumed ####.## ###.## ###.## 
28519 R1$(10)=" Feed conversion ratio from feed used ####.## ###.## ###.## 
28600 GOSUB 8000:PRINT SPACE$(26);"EFFICIENCY REPORT Total Housel House2 
House3" 
28605 GOSUB 8000PRINT SPACE$(23);USING R1$(1);W;H1(1);H1(2);H1(3):PRINT 
SPACE$(26);USING R1$(2)KH2(1);H2(2)H2(3):PRINT SPACE$(9);USING R1$(3); 
TRLJIN/iH3(1);H3(2);H3(3) 
28635 PRINT SPACE$(21);USING R1$(4);TRU1);H4(2);H4(3) 
28636 PRINT SPACE$(14);USING RiS INTAKE1;H5(1)H5(2)H5(3):IF RTYP= 1 THEN 
PRINT SPACE$(24);USING R1$(6)INTAKEH6(1)H6(2);H6(3):PRINT USING R1$(7); 
TREFU;H7(1)H7(2);H7(3) 
28637 PRINT SPACE$(16);USING RIS(8);(W-HW(1))/K118(1)H8(2)H8(3):PRINT USING 
R1$(9);TRU1N/(W-HW(1));H9(1),H9(2);H9(3):PRINT USING R1S(10)INTAKE1/(W-HW(1) 
);H10(1);H10(2)H10(3):GOSUB 8000 
28680 IF SPF$ = "f" THEN 28800 ELSE IF SPFS = "p" THEN 28700 ELSE IF SPF$ = "s" THEN 
YN$ = INPUT$(1):GOTO 13500 
28700 GOSUB 8010:LPRINT SPACE$(26);"EFFICIENCY REPORT Total Housel House2 
House3" 
28705 GOSUB 8010:LPRINT SPACE$(23);USING R1S(1);WH1(1)H1(2)H1(3):LPRINT 
SPACE$(26);USING R1$(2)K112(1)H2(2)H2(3):LPRINT SPACE$(9);USING R1$(3); 
TRUIN/KH3(1)H3(2)H3(3) 
28735 LPRINT SPACE$(21);USING R1$(4);TRUINH4(1)H4(2)H4(3):LPRINT SPACE$(14); 
USING R1$(S);INTAE1HS(1)H5(2)H5(3):LF RTYP = 1 THEN LPRINT SPACE$(24); 
USING R1$(6)TAKEH6(1)H6(2)H6(3):LPRlNT USING R1$(7);TREFUH7(1)H7(2); 
H7(3) 
28736 LPRINT SPACE$(16);USING R1$(8);(W-HW(1))/KH8(1)H8(2)H8(3):LPRINT 
USING R1$(9);TRUIN/(W-HW(1))H9(1)H9(2)H9(3)LPRINT USING R1$(10)INTAKE1/ 
(W-HW(1))H10(1)H10(2)H10(3):GOSUB 8010 
28740 GOTO 13500 
28800 GOSUB 8O20PRINT #1,SPACE$(26);"EFFICIENCY REPORT Total Housel 
House2 House3" 
28805 GOSUB 8020.PRINT #1SPACE$(23);USlNG R1S(1);WH1(1)H1(2)H1(3):PRINT #1, 
SPACE$(26);USING R1$(2)KH2(1)H2(2)H2(3):PRINT #1,SPACE$(9);USING R1$(3); 
TRUIN/K113(1)H3(2)H3(3) 
28835 PRINT #1,SPACE$(21);USING R1$(4);TRUINH4(1)H4(2)H4(3):PRINT #1, 
SPACE$(14);USING RiS 	TAKE1H5(1)H5(2)H5(3):W RTYP= 1 THEN PRINT #1, 
5PACE$(24);USLNG R1S(6)INTAKEH6(1)H6(2)H6(3):PRINT #1,USING R1$(7);TREFU; 
H7(1)H7(2)H7(3) 
28836 PRINT #1,SPACE$(16);USLNG R1$(8);(W-HW(1))/K1{8(1)H8(2)H8(3):PRINT #1, 
USING R1$(9);TRUIN/(W-HW(1))H9(1)H9(2)H9(3):PRINT #1,USING RIS(10)INTAKE1 
/(W-HW(1))H10(1)H10(2)H10(3):GOSUB 8020 
28840 GOTO 13500 
OCIN 
Appendix 4.1 The main pmgram of the Edinburgh Model Sow V1.0 
1 REM 
2 REM 	SOW-8 (V1.0) 1 June, 1991 
3 REM *S*******S*******SS*SS****S*S***S********S********************* 
9 SCREEN thCOLOR 7,1:C1S:KEY OFF 
10 KEY 1,#:KEY 2,@':KEY 3,-:KEY 4,"$':KEY 5,%:KEY 6,:KEY 7,&:KEY 8,": 
KEY 9,:KEY 10,n 
12 DIM 
13 DIM NA$(3),CF(3),CP(3),ASH(3),EE(3),WATER(3),COST(3),DE(3),COE(3),U'FLL(3), 
WF(3),UNSUM(3),Y$(17),Z$(15) 
14 DIM AA$(10),BB$(10),CC$(10),DD$(10),EE$(10),TYPE$(10),WASTE(10),START( 10), 
MAX(10),INC(10),STE(10) 
16 DIM O1$(50),O1(50),02$(11),02(11),03$(10),03(10),OU1(8,50),0U2(8,11),0U3(8, 10) 
17 DIM P(8,YP(8,Y(86)PRP(8,56)LRP(8,56),ARP(8,56),FIGDG1(8,56),YD(8,56) 
18 DIM W6),FIL(8,56),PR]48,56)LR148,56),WCI48,56) 
20 GOTO 100 
- - - - - - - :NEXT 40 COLOR 7,0:FOR J = 1 TO 55 STEP 26:LOCATE 20J:PRINV  
J:COLOR 7,1:RETURN 
50 COLOR 7,4:LOCATE 7,25:PRJNTDATE:'DATE$:LOCATE 7,42:PRINT'FIME:";TIME$: 
COLOR 7,1:RETURN 
60 LOCATE 22,27:COLOR 7,4:PRINV---- Any key please ----:COLOR 7,1:YN$ = INPUT$(1): 
RETURN 
70 FOR I = 1 TO 79:PRINT" = ;:NEXT I:RETURN 
fl FOR I = 1 TO 79:LPRINV = ;:NEXT I:LPRJNT:RETURN 
74 FOR I = 1 TO 79:PRINT #1, = ;:NEXT I:PRINT #1,:RETURN 
80 PAGE = PAGE + 1:LPRINT:LPRINT SPACE$(34);"-- ,PAGE; --:LPRINT CHR$(12): 
LPRINT:RETURN 
82 PAGE = PAGE+ 1:PRI114T #1,:PRINT #1,SPACE$(34);"-- FAGE; -:PRINT #1,CHR$(12) 
PRINT #1,:RETURN 
85 IF LT>2PT THEN GOSUB 40:COLOR 7,4:LOCATE 20,15:PRINr Lipid mass is greater 
than 2 times of protein mass! ":COLOR 7,1 
86 IF LT<PT THEN GOSUB 40:COLOR 7,4:LOCATE 20,19:PRINV Lipid mass is less than 
protein mass! ":COLOR 7,1 
87 IF LT> =PT AND LT<2PT THEN GOSUB 40 
88 RETURN 
100 0pENT,#1,"sow-1DAr:FOR 1=1 TO 130:LINE INPUT #1,A$(I)A(I)=VAL(A$(I)): 
NEXT I:CLOSE #1 
105 OpEN"r,#1,SOW-2.DAr:FOR I = 1 TO 3:FOR J = 1 TO 34:INPUT #1,B$(I,J):B(I,J) = 
VAL(B$(I,J)):NEXT J:NEXT I:CLOSE #1 
120 OPENT,#1,SOW-3DAV:F0R 1=1 TO 44:INPUT #1,C$(I):C(I)=VAL(C$(I)):NEXT I: 
CLOSE #1 
130 OPENT,#1,SOW-4DAT':FOR 1=1 TO 7:INPUT #1,D$(I):D(I)=VAL(D$(I)):NEXT I: 
CLOSE #1 
140 0PENT,#1,"Sow-5DAr:FOR 1=1 TO 3 
141 FOR J = 1 TO 10:INPUT #1,E$(I,J):E(I,J) = VAL(E$(I,J)):NEXT J:NEXT I:CLOSE #1 
145 OPENT,#1,S0W-6DAr:FOR I = 1 TO 9:INPUT #1,F$(I):NEXT I:CLOSE #1 
150 CR =A(14):SOWAGE=A(15):W=A(16):W3=A(16):P2A(17):PA(17)PREGN= 115: 
PAGE=0 
200 FOR 1=1 TO 3:CF(I)=B(I3):CP(I)=B(I2)ASHB3):EEB(I,4):WATER(I) 
B(I,5):COST(I) =B(I,6):DE(I) =B(I,8):COE(I) =B(I,31):UTIL(I) =B(I,32):IPT(I) =B(I,33): 
UNSUM(I) =B(I,34):NEXT I 
250 TYPE$(1) = C$(1):WASTE(1) = C(2):START(1) = C(3):MAX(1) = C(4):INC(1) = C(S): 
STE = C(6) 
283 
252 TYPE$(2) = C$(35):WASTE(2) = C(36):START(2) = C(37):MAX(2) = C(38):INC(2) = C(39) 
254 TYPE$(3) = $(40):WASTE(3) = C(41):START(3) = C(42):MAX(3) = C(43):INC(3) = C(44): 
WEANC= D(1):FJXC= D(2):VARC=D(3) 
300 T{1=E(1,2):TH2=E(22):TH3=E(3,2):PROT=E(2,5):DISE=E(26)AGE=E(3,5):PCRU= 
E(2,9):PLOST=E(210):VE1=E(1,7):VE2=E(2,7):VE3=E(3,7):VL1=E(1,8)VL2E(2,8): 
V13 = E(3,8) 
305 LT = -20.4+ .21W + 1.5P2.PT= -2.3+ .19W-.22P2 
307 WPLF= 821*PT.789WS = LT+ PT+WPLF 
308 IF INT(WS 1000)> <INT(W*  1000) THEN PT = PT-(WS-W)/(1 +WPLF/PT):GOTO 307 
316 LT3=LT:PT3=PT:G= .5:BB= .1:KK=.025 
320 EF A$(12) = "improved7 THEN PTM=375:B=O.0135 
321 IFA$(12)="commercial" THEN PTM=35:B=0.013 
322 IF A$(12) = "nti1iy" THEN PTM =32.5:B = 0.0125 
390 REM SS**S********S*S***S*SS*******S*S***************************** 
391 REM 	INPUT REPORT 
392 REM 
4130 AAS(1)="Sow quality ...................................................... N 
401 AA$(2) = "Sow proliflcacy .................................................. N 
402 A.A$(3) = "Conception rate (%) .............................................. N 
4133 4$(4) = "Age at first mating (days) ....................................... 
405 AA$(5) = "Live weight at first mating (kg) ................................. 
406 AA$(6) = NP2 at first mating (mm) .......................................... N 
410 BB$(1) = "Crude fibre (g/kg) ............. ":BB$(2) = NCrude protein (g/kg) ........... 
411 BB$(3)="Ash (g/kg) ..................... N:BB$(4)=NCrude  lipid (g/kg) ............. 
413 BB$(5)="Moisture (g/kg) ................ N:BB$(6)=NFl cost (pounds/tonne) ....... N 
414 BB$(7) = "Digestible energy (MI/kg) ...... ":BB$(8) = "Protein ileal dig. coefficient.. 
415 BB$(9) = "Utilisation coefficient ........ ":BB$(lO) = "Utilisable ideal protein (kg)... 
430 CC$(1) = "Regime type: p(redicted feed intake, c(onstant allowance or increment weekly" 
432 CC$(2) = N 	v(arying weekly rations ............................... N 
434 CC$(3) = NRegime  type: p(redicted feed intake, c(onstant allowance or increment daily" 
436CC$(4)=" 	....................................................... N 
440 CC$(5)="Wastage (%) ........................................................ N 
442 CC$(6)="Start allowance offered (kg) ....................................... N 
444 CC$(7)=NMaximum  allowance offered (kg) ...................................... 
448 CC$(8) = Nhcrement (kg) each week ........................................... 
450 CC$(9) = "Increment (kg) each day ............................................ 
454 CC$(10) = "Number of step ..................................................... N 
500 DD$(1) = "Sale of weaned pig (pounds) ........................................
N 
504 DD$(2) = "Fixed cost (pounds/sow/year) ....................................... N 
506 DD$(3) = "Variable cost (pounds/sow/year) .................................... N 
508 DD$(4) = N L Veterinary and medicine (pounds/sow/year) .................. 
510 DD$(5) = N 2. E1ectricity, gas, water (pounds/sow/year) .................. N 
514 DD$(6) =" 	3. Bedding (pounds/sow/year) .................................. 
516 DD$(7)=" 4. Other miscellaneous (pounds/sow/year) ...................... N 
520 EE$(1) = "Outside temperature (degree C) ............... ":EE$(2) = "House temperature (degree 
C) ................. 
522 EE$(3) ="Rate of air movement and degree of insulation. ":EE$(4) = "Floor type in lying area 
524 EE$(5) = "Protection score ............................. ":EE$(6) = "Disease challenge 
526 EE$(7)=Weaning age of piglets (days) ................ N 
530 TIT1$=" 	ANIMAL SCIENCES DWISION, EDINBURGH UNIVERSiTY" 
532T1T23=" < < < EDINBURGH MODEL SOW V1.0 >>> N 
600 IF F$(1) = Np" THEN 1000 ELSE IF F$(1) = "f' THEN 1020 ELSE 1040 
1000 GOSUB 40000:LOCATE 12,18:PRINV1f you have a printer, turn it on and press y": 
LOCATE 14,26:PRINT"Otherwise press 'n', pleaseV' 
1002 GOSUB 50:LOCATE 18,27:PRINT'Have you a printer (yin)? ":LOCATE 18,54:YN$= 
DPUT$(1) 
1003 EFYN$=y OR YNS= Y" OR YNS= wn  OR YNS = N' THEN LOCATE 18,54:PRINT 
YN$ 
1006 IF YN$="y" OR YNS = n(w THEN 1010 
1007 IF YNS = ansi OR '4$ = Nsi THEN F$(1) = asu:(3()TO 1045 
1008 BEEP:GOTO 1002 
1010 GOSUB 5(kIF F$(2) = siflsi AND J3) = siflsi AND F$(4) = sine AND F$(5) = uina AND F$(6) = 
ansi THEN 3000 
1011 LPRINT:LPRINT:LPRINT TIT1$:LPRINT:LPRINT TIT2$:LPRINT 
1014 LPRINT SPACE$(21);1)ATE ',DATE$;SPACE$(8);7IME N;TJ4$:J)p fl:GOSUB 72: 
GOTO 1045 
1020 GOSUB 40000:LOCATE 12,17:PRINT"If you want to save the REPORT file, press y si : 
LOCATE 14,26:PRlNVOtherwise press 'n', Pl ease !si 
1022 GOSUB 50:LOCATE 18,29.PRINT"Save as a file (yin)? ":LOCATE 18,52:YN$= 
PUT$(1) 
1023 IF YN$=y OR YN$=siY  OR  YN$= sin OR  YN$=Nsi  THEN LOCATE 18,52:PRINI 
YN$ 
1026 IF YN$="y' OR YN$="Y" THEN 1030 
1027 IF YN$sin  OR YN$="N' THEN F$(1)='s":GOTO 1045 
1028 BEEP:GOTO 1022 
1030 OPENOa,#1,siREPORTSsi 
1031 GOSUB 50:IF F$(2) = Uflsi AND F$(3) = ansi AND F$(4) = ansi AND F$(5) = "nTM AND F$(6) = 
"n" THEN 1045 
1032 PRINT #1,:PRINT #1,:PRINT #1,TIT1$:PRINT #1,:PR1NT #1,TIT2$:PRINT #1, 
1034 PRiNT #1,SPACE$(21);"DATE ";DATE$;SPACE$(8);"TIME ";TIME$:PRINT #1,: 
GOSUB 74:GOTO 1045 
1040 GOSUB 40000 
1041 GOSUB 50:COLOR 7,1:LOCATE 13,23:PR1NrHow many cycles do you want (0-8)? " ;: 
R$ = INPUT$(1) 
1042 IF R$ = TREN 35000 
1043 IF LEN(R$)>1 OR VAL(R$) <1 OR VAL(R$) >8 THEN BEEP:GOTO 1041 
1044 GOSUB 50:LOCATE 13,59:PRINT R$:GOTO 1060 
1045 GOSUB 50:COLOR 7,1:LOCATE 21,23:PRINVHow many cycles do you want (0-8)? 
R$=INPUT$(1) 
1046 IF R$ = w0w THEN 35000 
1047 IF LEN(R$) >1 OR VAL(R$) <1 OR VAL(R$) >8 THEN BEEP:GOTO 1045 
1048 GOSUB 50:LOCATE 21,59:PRINT R$ 
1060 IF F$(2) = ansi AND F$(3) = AND 4) = Nflsi AND F$(5) = ansi AND F$(6) = "nTM THEN 
3000 
1066 COLOR 7,1:CLS:GOSUB 70:IF F$(2) = ansi THEN 1200 
1070 PRINT SPACE$(20);"1. INiTIALISATION OF THE SOWN:GOSUB  70 
1075 FOR J= iTO 6:PRINT AA$(J);AS(11+J):NEXT J:GOSUB 70 
1092 IFFS(l)="p" THEN 1105 ELSE IF F$(1)='f' THEN 1145 ELSE IF F$(1)="s" THEN Y$= 
INPUT$(1):G0T0 1200 
1105 LPRINT SPACE$(20);si1.  INiTIALISATION OF THE SOWM:GOSUB 72 
1120 FOR J= 1 TO 6:LPRINT AA$(J);A$(11+J):NEXT J 
1122 GOSUB 72:LPRINT:GOT0 1200 
1145 PRINT #1,SPACE$(20);sil.  IN111ALISATION OF THE SOWsi:GOSUE  74 
1160 FOR J= 1 TO 6:PRINT #1, AA$(J);A$(11+J):NEXT J 
1162 GOSUB 74:PRINT #1, 
1200 IF F$(3)> < THEN 1300 
1205 PRINT SPACE$(20);siZ  FEED  DETAILSsi:GOSUB  70 
1208 PRINT SPACE$(34);'Gestation Lactation I ntervalsi 
1209 US1$="####.### ####.### ####.###si 
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1210 PRINT BBS(1);USING US1$;CF(1);CF(2);CF(3) 
1211 PRINT BB$(2);USING US1$;CP(1);CP(2);CP(3) 
1212 PRINT BBS(3);US1NG US1$ASH(1);ASH(2);ASH(3) 
1213 PRINT BB$(4);USING US1S;EE(1);EE(2);EE(3) 
1214 PRINT BB$(5);USING US1$;WATER(1);WATER(2);WATER(3) 
1215 PRINT BB$(6);USING US1S;COST(1);COST(2);COST(3) 
1216 PRINT BB$(7);USING US1S;DE(1)DE(2);DE(3) 
1217 PRINT BB$(8);USING USI$;COE(1);COE(2);COE(3) 
1218 PRINT BB$(9);USING US1S;UTI1(1);UT1(2);UTLL(3) 
1219 PRINT BB$(10);USING US1$IPT(1)IPT(2);IPT(3) 
1230 GOSUB 70 
1232 IF F$(1) = NpN THEN 1235 ElSE IF F$() =? THEN 1255 ELSE iF F$(1) = S" THEN Y$ 
INPUT$(1):GOTO 1300 
1235 LPRINT SPACE$(20);2. FEED DETAILS":GOSUB 72 
1238 LPRINT SPACE$(34);"Gestation Lactation Interval" 
1240 LPRINT BBS(1);USING US1$;CF(1);CF(2);CF(3) 
1241 LPRINT BBS(2);USING US1S;CP(1);CP(2);CP(3) 
1242 LPRINT BB$(3);USING USSH(1)ASH(2);ASH(3) 
1243 LPRINT BB$(4);USING USISEE(1);EE(2),EE(3) 
1244 LPRINT BB$(5);USING US1$;WATER(1);WATER(2);WATER(3) 
1245 LPRINT BB$(6);USING US1$;COST(1);COST(2);COST(3) 
1246 LPRINT BB$(7);USING US1SDE(1);DE(2);DE(3) 
1247 LPR1NT BB$(8);USING US1$;COE(1);COE(2);COE(3) 
1248 LPRINT BB$(9);USING US1$;UTI41);UTIL(2);UTIL(3) 
1249 LPRINT BB$(10);USING US1$;IPT(1);IPT(2);IPT(3) 
1250 GOSUB ThLPRINT:GOTO 1300 
1255 PRINT #1,SPACE$(20);"Z FEED DETAILS":GOSUB 74 
1258 PRINT #1,SPACE$(34);"Gestation Lactation Interval" 
1260 PRINT #1,BB$(1);USING US1$;CF(1);CF(2);CF(3) 
1261 PRINT #1,BB$(2);USING US1$;CP(1);CP(2);CP(3) 
1262 PRINT #1,BB$(3);USING US1$ASH(1)ASH(2)ASH(3) 
1263 PRINT #1,BB$(4);US1NG US1$E(1)EE(2)EE(3) 
1264 PRINT #1,BB$(5);USING US1$;WATER(1);WATER(2);WATER(3) 
1265 PRINT #1,BB$(6);USING US1$;COST(1);COST(2);COST(3) 
1266 PRINT #1,BB$(7);USLNG USE(1);DE(2);DE(3) 
1267 PRINT #1,BB$(8);USING US1$;COE(1);COE(2);COE(3) 
1268 PRINT #1,BB$(9);USING US1$;UT141);UTIL(2);UTLL(3) 
1269 PRINT #1,BB$(10);USING US1$T(1)IPT(2);LPT(3) 
1270 GOSUB 74:PRINT #1, 
1300 IF F$(4)>< Y THEN1400 
1305 PRINT SPACE$(20);" 3. FEEDING REGIMES":GOSUB 70 
I311FORK=1T03 
1313 IF K= 1 THEN PRINT SPACE$(20);"---- GESTATION ----" 
1314 IF K=2 THEN PRINT SPACE$(20);"--- LACFATION ----" 
1315 IF K=3 THEN PRINT SPACE$(15);"---- WEANING TO CONCEPTION ----" 
1322 IF K= 1 THEN PRINT CC$(1):PRINT CC$(2);" ";TYPE$(l) 
1324 IF K=2 OR K=3 THEN PRINT CC$(3):PRINT CC$(4);" "TYPE$(K) 
1326 PRINT CC$(5);USING"##.##";WASTE(K) 
1330 IF K=1 AND TYPE$(1)="c" THEN PRINT CC$(6);USING"##.##";START(l):PRINT 
Cc$(7);USING"##.##"MAX(1):PRINT Cc$(8);USiNG"##.##"INC(1) 
1333 IF K> <1 AND (TYPE$(2)="c" OR TYPE$(3)="c") THEN PRINT CC$(6);USING 
"##.##";START(K):PRINT CC$(7);USING"##.##",MAX(K):PRINT CC$(9);USING 
"##.##"iNC(K) 
1335 IF K= 1 AND TYPE$(1) = V THEN PRINT CC$(10);USING"##";C(6) 
1336 NEXT K 
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1338 GOSUB 70 
1340 IF FS(l) = p0  THEN 1345 ELSE IF FS(1) = f 1 THEN 1375 ELSE IF F$(1) = V THEN Y$ = 
LNPUT$(1):GOTO 1400 
1345 LPRINT SPACE$(20); 3. FEEDING REGIMES:GOSUB 72 
1348F0RK=1T03 
1350 IF K= 1 THEN LPRINT SPACE$(20);— GESTATION 
1352 IF K=2 THEN LFRINT SPACE$(20);'— LACIATION ---" 
1354 IF K=3 THEN LPRINT SPACE$(15) ;w WEANING TO CONCEPTION 
1356 IF K= 1 THEN LPRINT CC$(1):LPRINT CC$(2) ;u ;TYPE$(1) 
1358 IF K=2 OR K=3 THEN LPRINT CCS(3):LPRINT CCS(4); U;1FE$(K) 
1360 LPRINT CC$(5);USING##.##;WASTE(K) 
1362 IF K= 1 AND TYPE$(1) =NCN  THEN LPRINT CC$(6);USING"##.##";START(l): 
LPRINT CC$(7);USING"##.##M,MAX(1):LPRINT CC$(8);USING"##.##INC(1) 
1364 IF K> <1 AND (FYPE$(2) = C" OR TYPE$(3) = NcN) THEN LPRINT CC$(6);USING 
U####U;START(K):LPRINT C$(7);USING##.##"MAX(K):LPRINT C$(9);USING 
U####NINC(K) 
1365 IF K= 1 AND TYPE$(1) = V THEN LPRINT CC$(10);USING"##";C(6) 
1366 NEXT K 
1367 GOSUB 72.LPRINT 
1368 IF F$(2) = IyN AND F$(3) = "y" THEN GOSUB 80 
1369 GOTO 1400 
1375 PRINT #1,SPACE$(20);" 3. FEEDING REGIMESM:GOSUB 74 
I380FORK=1T03 
1381 IF K= 1 THEN PRINT #1,SPACE$(20);---- GESTATION ----" 
1382 IF K=2 THEN PRINT #1,SPACE$(20);---- LACFATION ----" 
1383 IF K=3 THEN PRINT #1,SPACE$(15);---- WEANING TO CONCEPTION ----N  
1385 IF K= 1 THEN PRINT #1,CC$(1):PRINT #1,CC$(2); ";TYPE$(l) 
1386 IF K=2 OR K=3 THEN PRINT #1,CC$(3):PRINT #1,CC$(4);" ";TYPE$(K) 
1388 PRINT #1,CC$(5);USING"##.##;WASTE(K) 
1390 IF K=1AND TYPE$(1)=N c  THEN PRINT #1,CC$(6);USING"##.##";START(l): 
PRINT #1,CC$(7);US1NG"##.##"MAX(1):PRINT #1,CC$(8);USING"##.##"INC(l) 
1391 IF K> <1 AND ('FYPE$(2)="c" OR TYPE$(3)=wc ) THEN PRINT #1,CC$(6);USING 
N####N;STT(i):PRINT #1,Cc$(7) ;USING##.##N,MAX(K):PRINT #1,C$(9);USING 
1392 IF K= lAND TYPE$(1) = V THEN PRINT #1,CC$(10);USING"##;C(6) 
1394 NEXT K 
1395 GOSUB 74:PRINT #1, 
1398 IF F$(2) = "y" AND F$(3) = Y THEN GOSUB 82 
1400 IFF$(5)> <y THEN 1510 
1408 PRINT SPACE$(20);N4.  SALES AND OVERHEADS":GOSUB 70 
1414 FOR J = 1 TO 7:PRINT DD$(J);USING"###.##D(J):NEXT J 
1420 GOSUB 70 
1422 IF F$(1) = pe THEN 1440 ELSE IF F$(1) = ur THEN 1460 ELSE IF F$(1) = " S" THEN 
Y$(1) = INPUT$(1):GOTO 1500 
1440 LPRINT SPACE$(20) ;u4. SALES AND OVERHEADSN :GOSUB 72 
1450 FOR J = 1 TO 7:LPRINT DD$(J) ;USING###.##N,D(J) :NEXT J 
1452 GOSUB ThLPRINT 
1454 IF F$(6)> <NyN THEN GOSIJB 80 
1455 GOTO 1500 
1460 PRINT #1,SPACE$(20);N4.  SALES AND OVER}IEADS:GOSUB 74 
1468 FOR J= 1 TO 7:PRINT #1,DD$(J);USING"###.##",D(J):NEXT J 
1470 GOSUB 74:PRINT #1, 
1480 IF F$(6)> < THEN GOSUB 82 
1500 IF FS(6)> < "y" THEN 3000 
1510 PRINT SPACE$(20);5. HOUSIN(?:GOSUB 70 
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1512 PRINT SPACE$(45);"Gestation lactation Interval" 
1520 FOR J = 1 TO 2PRINT EE$(J);USING"###.# ###.# ###.#"E(1J);E(2J); 
E(3,J):NEXTJ 
1525 FOR J = 3 TO 4:PRINT EE$(J);USING" ## 	## 	##J);E(2,J); 
E(3,J):NEXT J 
1530 PRINT EE$(5);USING" 	##",E(2,5):PRINT EE$(6);USING" 	##E(2,6) 
1535 PRINT EE$(7);USJNG" ##",AGE 
1540 GOSIJB 70 
1542 IF F$(1)="p" THEN 1550 ELSE IF F$(1)="f' THEN 1570 ELSE IF F$(1)="s" THEN Y$= 
INPUT$(1):GOTO 3000 
1550 LPRINT SPACE$(20);"5. HOUSING":GOSUB fl 
1553 LPRJNT SPA0E$(45);"Gestation Lactation Interval" 
1554 FOR J=1 TO 2LPRINT EE$(J);USING"###.# ###.# ###.#"E(I 1J);E(2rJ); 
E(3,J):NEXT J 
1555 FOR J=3 TO 4:LPRINT EE$(J);USING" ## 	## 	##E(1rJ)E(2,J)E(3rJ): 
NEXT J 
1560 LPRINT EE$(5);USING" 	##",E(2,5):LPRINT EE$(6);US1NG" 	##E(2,6) 
1562 LPRINT EE$(7);USING" ##"AGE:GOSUB 72 
1566 GOSIJB 80:GOTO 3000 
1570 PRINT #1,SPACE$(20);"5. HOUSING":GOSUB 74 
1573 PRINT #1,SPACE$(45);"Gestation Lactation Interval" 
1574 FOR J=1 TO 2:PRINT #1,EE$(J);USING"###.# ###.# ###.#"E(1 rJ)E(2rJ); 
E(3J):NEXT J 
1575 FOR J = 3 TO 4:PRINT #1,EE$(J);USING" ## 	## 	##"E(1,J);E(2,J);E(3 rJ): 
NEXT J 
1580 PRINT #1,EE$(5);USING" 	##"E(2,5):PRINT #1,EE$(6);USING" 
E(2,6) 
1582 PRINT #1,EE$(7);USING" 	##"AGE:GOSUB 74 
1586 GOSUB 82 
3000 FOR R=1TO VAL(R$) 
3004 IFA$(13)="low" THEN LS=9.A=18 
3005 IF A$(13) = "m 4iuin" THEN IS = 11A= 18 
3006 IF A$(13) = "good" THEN LS = 12:A=24 




3014IFWC< =19THENLS=LS-15ELSEIFWC>=47THENLS=LS+1 ELSE IFWC>19 
AND WC<47 THEN LS=LS+(-3.196+.089WC) 
3015 TEMP=2.76+392sP23.0109*P232:IF TEMP<-1 THEN TEMP=-1 ELSE IF TEMP>1 
THEN TEMP=1 
3018 LS=LS+TEMP 
3030 GOSUB 40000:LOCATE 22,30:COLOR 31,0:PRINT"< < < Calculating > > >":COLOR 
7,1 
3040 INTAKE=O..ALLOW=0:CW1=0:IN=START(1):TE=TH1*VE1*VL1:P2= P23:W=W3: 
PT=P1'3:LT=LT3 
3050 TEH1=0:TEUT=0:TEMAM=0:PTUT=0:PTMAM=0:TPM1=0TEM10:TF10: 
TMEI = 0:PPTF =FT:LL11= LT 
3060 UNSUM = UNSUM(1):CP = CP(1):COE = COE(1):DE = DE(1):IPT = IPT(1): 
INC = INC(1):MAX= MAX(1):WASTE=WASTE(1) 
9979 REM 
9980 REM **S  GESTATION 
9981 REM 
9990 IF P2<1 THEN GOSUB 39990-GOTO 40100 
10000 FOR K=1 TO PREGN :EM = 23*(PT+FTUT+PTMAM)A.65 :GOSUB 50 
10100 IF K= 1 THEN LOCATE 11,1:PRINT" > U(j(fl() 10200 
10120 IF K=PREGN THEN LOCATE 12K-78:PRINV <":GOTO 10200 
10130 IF K<79 THEN LOCATE 11,KPRINV. 
10140 IF K> 30 AND K<49 THEN LOCATE 11,PRINT MID$(CYCLE + STR$(R) + 
":PREGNANCV,K-30,1) 
10150 IF K> =79 THEN LOCATE 12X78 :PR1NV.0 
10200 REM  
10201 REM 	CALCUlATION OF DAILY FEED ALLOWANCE 
10202 REM ******S****S*SS***S***S******S*SS**** 
11000 REM 	TPE=upw Predicted feed intake 
11001 REM **S***********S*********SS****S********* 
11010 IF LT<PT THEN FI=.11*(WA.75) 
11011 IF LT> =PT AND LT< 13PT THEN FI= .1*(WA.75) 
11012 IFLT> =13PT AND LT<1.8PT THEN FI=.09*(WA.75) 
11013 IF LT> =1.8*PT THEN FI=.08*(WA.75) 
11020 F1=FI 
11040 DEl = DE*F1:DCPC= COE*CP/100thDCP = DCPC*F1 
11042 EUT = .107*EXP(.027*K):EMAM = .1I5EXP(.016K):PRUT = (3.606*EXP(.026*K)) 
/1000:PRMAM = (.038*EXP(.059*K))/1000 
11044 PM = .004(PT + PTUT + PTMAM) 
11050 EUM = (EUT+ EMAM)/.65:PRM = BFTLOG(FrM/PT):PR = IPTF1-(PM + PRUT-f 
PRMAM):IF PR>PRM THEN PR=PRM 
11055 EPF=DEI23.6*DCP:PD=UNSIJM*F1PR:IF PD<0 THEN PD=0 
11056 QD = 23 6*PD(7.2*PD + 49PD):MEI = QD + 23.6*(PR + PRUT + PRMAM) + EPF 
11060 EPR = 36.4*PR +23.6PR:TC = 20(MEI/WA .75EM/WA.75)/.08 :EH1 = .018*W.75*(TC 
TE):IF EH1<0 THEN EH1=0 
11066 IF TC<TE THEN F1=F1.001*W*(TETC) 
11068 IF TC >TE THEN ME! = ME! + .018W.75(TC-TE):F1 = MEI/(DE5.63*DCPC) 
11070 FFE=F1 
11075 IF TYPE$(1) = np" THEN 11080 ELSE IF TYPE$(1) = * CN THEN 11200 ELSE IF 
TYPE$(1) = V THEN 11400 
11080 ALLOW= F1*(1 +WASTE/100):GOTO 12000 
11200 REM 
11201 REM 	TYPE=c Constant increment 
11202 REM 
11220 IF (K MOD 7)=0 THEN IN=IN+ INC 
11240 IF !N< = MAX THEN ALLOW = IN ELSE ALLOW= MAX 
11250 Fl =ALL0W(i-WASTE/100):IF Fl> FTE THEN Fl = FFE 
11260 GOTO 12000 
11398 REM 
11399REM*** TYPE=V Varyeachweek 
11400 REv1 
11402 ZZZ=ABS(K/7) + 1:IF ZZZ> = STE THEN ZZZ= STE 
11410 ALLOW= C(6+ ZZZ):Fl =ALLOW*(1.WASTE/100):IF Fl >TFE THEN Fl = FTE 
1200() INTAKE = INTAKE +ALLOW:TF1 = TF1 + Fl 
12010 DEl = DE*Fl:DCPC= COECP/1000:DCP = DCPC*F1:ME = DE5.63*DCPC 
12026 PR = wr*F1(PM + PRUT + PRMAM):IF PR> PRM THEN PR = PRM 
12030 EPF=DE!-23.6DCP:PD=UNSUMF1-PR:IF PD<0 THEN PD=0 
12035 QD = 23.6*PD(72*PD + 4.9PD):MEJ = QD + 23.6(PR + PRUT + PRMAM) + EPF 
12040 EPR =36.4*PR + 23 .6*PR:TC =20(MEI/W' .75-EMfWA.75)/.08 :EH1 = .018*W".75*(FC 
TE):IF EH1<0 THEN EH1=0 
12050 ELR=MEI-(EM+EPR+EUM+EH1):IF ELR> =0 THEN LR = ELR/(13.9 + 39.6) ELSE 
IF ELR<0 THEN LR=ELR/(39.6*.8) 
12060 TMEI = TMEI + MEI:TMEI1 =TMEI:TEUT= TEUT + EUT:TEMAM = TEMAM + 
EMAM:PTIJT= PTUT+ PRUT:PTMAM = PTMAM + PRMAM:TPM1 = TPM1 + PM:TEH1 = 
TEH1+EH1 
12064 LUW= 8.74519-L59844EXP(-.05407'(K-45)) + .00006*ME*TF1 + .09745LS: 
UW=EXP(LUW)/1000 
12066 LMW=5.16091 + .07997EXP(.04576(K-45)) + .05225*ME*TF1JK 
MW = EXP(LMW)/1000 
12070 PT=PT+ PR:LT = LT+ LR:WW= PT+ LT+8.21.789W WW+ UW + MW: 
TEM1=TEM1+EM 
12500 NFXF K:GOSUB 85 
12510 CW1 =W-W3:W1 =W:FE1 =INTAKE:LT1 = LT:PT1 = PT 
12515 P21= (LT+20.421*WW)/1.5:CP21=P21P23:TEH11=TEH1 
14990 REM 
14991 REM *** LACTATION 
14992 REI4 **************S*****************S*S***********S*S**********S 
15000 TI=thTEH1=&.TY=(kTEL=thTPL=0:TEM2=0:TPM2=0:INTAKE=0: 
ALLOW=0:IN=START(2):TE=TH2*VE2*VL2TF2thWB =thWP=OTPIGDG =0 
15005 UNSUM = UNSUM(2):CP = CP(2):COE = COE(2):DE = DE(2):IPT = IPT(2): 
INC= INC(2):MAX= MAX(2):WASTE =WASTE(2) 
15015 PT= PT1:LT = LT1:W=W1-UW:WL(R,0) =W 
15020 IF P2<1 THEN GOSUB 39990-GOTO 40100 
15060 WB = .89 + .0131*DE(1)*TF1/PREGN:TEMP = -.0066 + .0482*LS.00473*LS'2:IF TEMP < - 
35 THEN TEMP = -35 ELSE IF TEMP> .11 THEN TEMP = .11 
15065 WB =WB +TEMP:SURVE = 144WB-36.6WB2-42.02:I1F SURVE <0 THEN LS = 0 
15068 IF SURVE<30 THEN GOSUB 39990:GOTO 40600 
15070 LS=LS*SURVE/100PCRUPLOST:IF LS<0 THEN LS=0 
15072 IF LS < = 3 THEN GOSUB 39990:GOTO 40200 
15100 REM 
15101 REM 	PIGLET CARCASS COMPOSITION AT BIRTH 
15102 REM 
15200 WEP = WB/1.O5ATP= .024WB:LTP = .013*WB:PTP= .12*WB 
15210 YTP = 4.9FFP".855:WEP =ATP+ LTP+ PTP + YTP:WP =WEP1.05 
15220 IF 1NT(WP*  1000)> <INT(WB 1000) ThEN PTP= PTP-(WP-WB)/(1 + YTPfPTP): 
GOTO 15210 
15230 FTP! = PTP:LTP1 = LTPATP1 =ATP:YTP1 = YTP 
15400 REM ***********S*****S****************************S************* 
15401 REMtm PIGLET POTENTIAL GROWFH 
15402 REIs'I S*SS********SS***********S*******************************$** 
20000 FOR K=1 TO AGE:EM=2.5*(PT+PTMAM).65:GOSUB 50 
20100 IF K= 1 THEN LOCATE 14,25 :PRINV>N:GOTO 20200 
20110 IFAGE< =54AN1) K=AGE THEN LOCATE 14,24+KPRINr<":GOTO 20200 
20111 IF AGE> 54 AND K=AGE THEN LOCATE 15,K-54:PR1NV < :GOTO 20200 
20125 IF K> 10 AND K<20 THEN LOCATE 14,24+ KPRINT MJD$("LACFATION",K-lO,l) 
:GOTO 20200 
20130 IF K> lAND K< =54 THEN LOCATE 14,24+KPRINV." 
20132 IF K> 54 AND K<AGE THEN LOCATE 15,K54:PRINV.0 
20200 REM ******S********S*****SS**S**SSS***************************** 
20201 REMtm CALCULATION OF DAILY FEED ALLOWANCE 
20202 REI4 ********S*********SS*SS*******S**S************************** 
21000 REM ' 	TYPE=p Predicted feed intake 
21001 REM 
21010 IF IS<6 THEN FI=.1(W.75) 
21020 IF IS> =6 AND IS<7 THEN FI= .11*(WA.75) 
21030 IF IS> =7 AND 1S<8 THEN FI=.12(W'.75) 
21040 IF IS=8 THEN FI= .13*(WA.75) 
21042 IF IS >8 THEN F! = .14(W'.75) 
21045 P2= FI:DCPC= COE*CP/1000 
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21050 MEl = F2(DE-5.63'DCPC):TC= 20-(MEI/W".75-EM/W'.75)/.08 
21060 IF TC<TE THEN F2=F2.001*W*(TETC):MEI=F2*(DE5.63*DCPC) 
21070 IF TC>TE THEN MEI=MEI+.018*WA.75*(TCTE):F2=MEI/(DE5.63*DCFC) 
21072 FFE = F2 
21078 IF TYPES(2) = upU THEN 21080 ELSE IF TYPE$(2) = 'c" TI-lEN 21200 
21080 ALLOW= F2*(1  +WASTE/100):GOTO 22000 
21200 REM  
21201 REM 	TYPE=c" Constant increment 
21202 RE?vI 
21210 IF (K MOD 7)=0 THEN IN=IN+INC 
21220 IF 114< = MAX THEN ALLOW= IN ELSE ALLOW= MAX 
21240 F2=ALLOW(1-WASTE/100):IF F2>FTE THEN F2=FTE 
21250 MEl = S(DE..563SJ)Q)C) 
22000 INTAKE= INTAKE +ALLOW:TF2= TF2+ F2 
22005 TC=20-(MEI/W'.75-EM/W.75)/.08:EH1= .018W".75(TC-TE):IF EH1<0 THEN 
EH1=0 
22006 U = EXP(1*EXP(GBB*K)):YP=A*EXP(KK*K)*U 	'YP: Lactation curve 
22010 TSTAR = LOG(-LOG(WB/300))/B:WTEMP= 300*EXP(.EXP(1*B*(KTSTAR))): 
PIGDG = BWFEMPLOG(300/WTEMP) 
22036 YD =4*LS*PIGDG:YD(R,K) = YD 	 'YD: Piglet milk demand 
22038 IF YP>YD THEN Y=YD ELSE Y=YP 	 'Y: Milk yield 
2204() REM 
22041 REM *** ADJUST MILK YIELD NOW 
22042 REM 
22045 IF Y< = 1.0 THEN GOSUB 39990G0T0 40300 
22050 EMILK= 5.4Y:PMILK= (59.8-.57K+ .0148K"2)/1000'Y 'Energy and protein content 
in sow's milk 
22052 EL=EMILK/.7:PL=PMILK/.85 	 'ME for milk and ideal protein for milk 
22055 PM= .004*(pr+PTMAM) :PRM=B*PT*LOG(PTM/pT) 
22060 IF (IPTF2-(PM+PMILK))>0 THEN PR=IPTF2-(PM+PMILK) ELSE PR=IPT*F2 
(PM + PL) 
22062 IF PR> PRM THEN PR = PRM 
22065 IF PR>0 THEN EPR=36.3*PR+23.6*PR ELSE  EPR=.85*23.6*PR 
22066 ELR=MEI-(EM+ +EL+EPR+EH1) 
22068 IF ELR<0 THEN LR=ELR/(39.6*.8)  ELSE 1,R=ELR/(13.9+39.6) 
22072 IF PR<-.25 THENY=Y-.04:GOTO 22045 
22075 IF LT/PT< .7 AND LR<0 THEN Y= Y-.04:GOTO 22045 
22080 IF LT/PT> = .7 AND LT/PT< 1 AND LR <-.15 THEN Y= Y-.04:GOTO 22045 
22090 IF LT/PT> = 1 AND LT/FT <13 AND LR <-.25 THEN Y= Y-.04:GOTO 22045 
22100 IF LT/PT> =13 AND LT/PT<1.6 AND LR'z-3 THEN Y=Y-.04:GOTO 22045 
22110 IF LT/PT> =1.6 AND LT/FT<1.9 AND LR<-.75 THEN Y=Y-.04:GOTO 22045 
22120 IF LT/PT> = 1.9 AND LR< -1 THEN Y= Y-.04:GOTO 22045 
22160 REM 
22161 REM*S ADJUST PIGLEr GROWTH RATE NOW 
22162 REM 
22165 REM 	ARP : Ash retention of piglet (kg/day) 
22167 REM ** ATP : Ash mass of piglet (kg) 
22168 REM 	EMP : Energy requirement for maintenance of piglet (MJ/day) 
22169 REM LRP : Lipid retention of piglet (kg/day) 
22172 REM 	LTP : Lipid mass of piglet (kg) 
22174 REM PIGDG : Piglet potential daily gain (kg) 
22175 REM 	PIGDG1 : Piglet actual daily gain (kg) 
22176 REM ** PMP : Protein requirement for maintenance of piglet (kg/day) 
22177 REM ** PRP : Protein retention of piglet 	(kg/day) 
22179 REM ** PTP 	: Protein mass of piglet (kg) 
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22180 REM WEP 	: Piglet empty body weight (kg) 
22182 REM WP : Piglet whole body weight (kg) 
22184 REM YTP 	: Water mass of piglet (kg) 
22190 REM 
22200 WIP =WP:PTIP =PTP:LTIP = LTPAT1P=ATP 
22201 EMP= 498WP".75/1000PMP = 34WP'.75625/1000 
22202 PRMP = B'PTPLOG(PTM/PTP):PRP = (PMILK/LS-PMP).9:IF PRP > PRMP THEN 
PRP= PRMP 
22204 LRP= (EvfflJcfL?vfl'.23.6PRP).78/39.6 
22206 ARP = 21PRP:VF7= PTIP+ PRP:LTP= LTIP + LRP.ATP =AT1P +ARP: YTP= 
49*p'fl)'55 
22208 WEP= FTP +LTP +ATP + YTP:WP =WEP*1.05 
22210 IF PIGDG < (WP-W1P) THEN PRP = PRP-.001:GOTO 22204 
22220 PIGDG1 =WP-WIP:TPIGDG =TPIGDG + PIGDG1 
2fl WP(R,K) =WP:PIGDG1(R,K) = PIGDG11000:Y(R,K) = Y:YP(R,K) = YP:PRP(R,X) = 
PRP*1000LRP(R,K) = LRP1000.ARP(R,K) =ARP 1000 
22224 WL(R,K) =W:FIL(R,K) = F2.PRL(R,) = PR1000:LRL(R,() = LR*1000 :WCL(R,K) = 
WR,K)-K-1) 
22225 TY= TY+ Y:TEL=TEL+ EL:TPL= TPL+ PLTEM2=TEM2+ EM:TPM2 = TPM2+ PM: 
PT=PT+PR:LT=LT+LR:W=PT+LT+821*PT.789:TEH1=TEH1+EH1 
22230 NEXT KGOSUB 85 
22235 P22= (LT+ 20.4-21W)/15:CP22= P22-P21 
22240 TEHI2=TEH1:V7FF:LT2=LT:CW2=W-W1:W2=W:FE2=INTAKE 
29900 REM *S*S**************S**S******************S******************* 
29901 REM 	WEANING TO CONCEPTION INTERVAL 
29902 REM SSSS******SS*****S*SS******SS*S*****SSS********************* 
29910 TEH1=0:TE 3=0:TPM3=0:INTAKE=0:ALLOW=0:1N START(3):PT=PT2: 
LT=LT2:W=W2-MW:P2=P22:TF3=0:LR=0:PR=0:WO=0 
29915 UNSUM = UNSUM(3):CP = CP(3):COE= COE(3):DE=DE(3):IPT=IPT(3):INC= INC(3): 
MAX= MAX(3):WASTE =WASTE(3):TE = TH3VE3WL3 
29920 IF R=1 THEN WO=293-2.03P2+.0433P2"2+3 ELSE WO=193127*P2+.0295*PD2 
29922 IFAGE>28 THEN WO=WO-1 ELSE WO=WO+(8.2857*AGE) 
29924 IF PT1>Vr2 THEN WO=WO-4-3.4(PT1-PT2) 
29926 TEMP = 0:IF R = 1 AND CP22< = 0 THEN TEMP= 2*CF224 ELSE IF R>1 AND 
CP22< =0 THEN TEMP =-2CP22-6 
29928 IF CP22< =0 AND TEMP<2 THEN TEMP=2 
29930 WO=WO+TEMP:WC=INT(WO+35-37CR):IF WC< 1 THEN WC= 1 
29935 IF P2<1 THEN GOSUIB 39990:GOTO 40100 
30000 FOR K=1 TO WC:EM=2iPT'.65:GOSUB 50 
30042 IF WC> =200 THEN GOSUB 39990-GOTO 40400 
30100 IF K= 1 THEN LOCATE 17,25:PRINV>:GOTO 30200 
30110 IF K<55 AND K=WC THEN LOCATE 17,K+24:PRINT<":GOTO 3020) 
30120 IF K> =55 AND K<133 AND K=WC THEN LOCATE 18,K.54 :PRINTI<N:GOTO 30200 
30122 IF K> = 133 AND K=WC THEN LOCATE 19,K-132:PRINT" < N(j4fl'Ø 30200 
30130 IF K<55 THEN LOCATE 17,K+24:PRINV." 
30140 IF K> 10 AND K< 19 THEN LOCATE 17,K+24:PRINT MID$("INTERVAL",K-lO,l): 
GOTO 30200 
30150 IF K> = 55 AND K< 133 THEN LOCATE 18,K-54:PRINV. 
30152 IF K> = 133 THEN LOCATE 19,K-132PRJNV. 
30200 REM ****SSS*S*S****************SS*S******SSSS*S***************** 
30201 REM *$* CALCULATION OF DAILY FEED ALLOWANCE 
30202 REM *SS*********S*S**S****S****SS********SSS****************** 
31000 REM 	TYPE=p" Predicted feed intake 
31001 REM 
31010 IF LT<PT THEN IN=.11(W35) 
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31020 IF LT> = Fr AND LT< 13PT THEN IN= .1*(WA.75) 
31030 IF LT> =1.3'FF AND LT<1.8'PT THEN IN=.09*(W.75) 
31040 IF LT> = 1.8*PT THEN IN= .08(W".75) 
31042 F3=IN 
31050 DEl =DEF3:DCPC= COECP/1000DCP= DCPCF3:PM = .004*PT 
31052 PPM = B*PT*LOG(FFM/F1):PR = IPT'F3-PM:IF PR> PPM THEN PR = PRM 
31060 EPF=DEI23.6*DCP:PD=UNSUM*P3PR:IF PD<0 THEN PD=0 
31062 QD = 23.6*PD(7.2*PD +4.9*PD):MEI= QD + 23.6*PR + EPF 
31064 EPR= 36.4*PR + 23.6PR:TC 20.(MEI/WA 75 4fW'75)/08EH1 = .018*WA .75*(IC 
TE):IF EH1<0 THEN EH1=0 
31110 IF TC<TE THEN F3=F3.001*W*(17ETC) 
31120 IF TC>TE THEN MEI=MEI+ 
31122 FFE=F3 
31128 IF TYPE$(3) = "p"  THEN 31130 ELSE IF TYPE$(3) = UCN THEN 31150 
31130 ALLOW=F3*(1+WASTE/100):GOTO 32000 
31142 RE1q.f 
31143 REM 	TYPE="c" Constant increment 
31144 REM 
31150 IF (K MOD 7)=0 THEN IN=IN+LNC 
31200 IF 114< = MAX THEN ALLOW= IN ELSE ALLOW= MAX 
31220 F3 =ALLOW*(1WASTE/100):IF F3 > FFE THEN F3 = FFE 
32000 WrAJCE= INTAKE +ALLOW:TF3 =TF3+ P3 
32010 DEl = DE*F3:DCPC = COE*CP/1000:DCP = I CPCF3:PM = .004PT 
32020 PR=llT*F3PM:IF PR>PRM THEN PR=PRM 
32030 EPF= DEI23.6*DCP:PD = UNSUM*F3PR:QD = 23.6*PD(72*PD + 4.9*PD) : 
MEl = QD + 23.6*PR + EPF 
32040 EPR = 36.4*PR + 23.6*PR:TC= 20-(MEI/W'.75-EM/W'.75)/.08:EH1 = .018*W#s.75*(TC 
TE):IFEH1<OTHENEH1=0 
32050 ELR=MEI-(EM+EPR+EH1):IF ELR> =0 THEN LR=ELR/(13.9+39.6) ELSE IF 
ELR<0 THEN LR=ELR/(39.6.8) 
32060 TPM3 = TPM3 + PM:TEM3=TEM3 + EM:TEH1 =TEH1 + EH1:PT = PT + PR:LT= LT + LR 
:W=PT+LT+821PT'.789 
32070 IF K= INT(WO) THEN WCr= 164*TF3/INT(WO):IF WCF>0 THEN WC = INT(WO + 
3537*Q +WCF) 
32200 NEXT KGOSUB 85:WC=K-1 
32205 P23=(LT+20.4-21/13:CP23=P23-P22 
32207 IF P23<1 THEN GOSUB 39990:GOTO 40100 
32210 TEHI3=TEH1:PT3=PT:LT3=LT:CW3=W-W2:W3=W:FE3=INTAKE:SOWAGE= 
SOWAGE + PREGN+AGE+WC 
32490 REM 
32491 REM *** OUTPUT REPORT 
32492 REM 
32500 US2$="#####.##" 
32510 01$(1)=" ------------------- IN GESTATION - 	 -U 
32512 01$(2)=" Pregnancy period (days) ..... ":O1(2)=PREGN 
32514 01$(3) =" Total feed intake (kg) ..... ":01(3) = TF1 
32515 01$(4)=" Feed intake (kg/day) ..... ":O1(4)=TF1/PREGN 
32516 01$(5)=" Change in P2 (mm) ..... ":O1(5)=CP21 
32518 01$(6)=" P2 (mm) at parturition ..... U:O1(6)=P21 
32520 01$(7) =" Change in live body weight (kg) ..... ":01(7) =CW1 
32522 01$(8) =" Maternal body weight (kg) at parturition ..... ":01(8) =W1 
32524 01$(9) =" Protein retention (g/day) ..... ":01(9) = (PT1PPT1)/PREGN* 1000 
32526 01$(10)=" Lipid retention (g/day) ..... .:O1(10)=(LT1LLfl)/PREGN*1000 
32528 O1$(11) =" Energy for cold thermogenesis (MJ/day) ..... ":01(11) = TEH11/FREGN 
32530 01$(12) =" Energy for maintenance (MJ/day) ..... ":01(12) = TEM1/PREGN 
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32532 01S(13)=" Protein for maintenance (g/day) 	. U:O1(l3)=M1/PGN*1)() 
32534 01$(14) =" Uterus weight (kg) 	. ':01(14) = UW 
32536 01$(15) =" Energy for uterus (Mi/day) ..... 1:01(15) =TEUT/PREGN 
32538 01$(16)=" Protein for uterus (g/day) ..... :01(16)=PTUT/PREGN*100O 
32540 01$(17)=" Mammary weight (kg) ..... N:O1(17)=J 
32542 01$(18) =" Energy for mammary gland (MJ/day) ..... ":01(18) =TEMAM/PREGN 
32544 01$(19) = Protein for mammary gland (g/day) ..... ":01(19) = PTMAM/ 
PREGN* 1000 
32560 01$(20) =" ____-------- IN LACTATION 
32562 01$(21)=" Lactation period (days) ..... ":01(21) =AGE 
32564 01$(22) =" Total feed intake (kg) ..... ":01(22)=TF2 
32565 01$(23)=" Feed intake (kg/day) ..... ":01(23)=TF2/AGE 
32566 01$(24)=" ChangeinP2(rnm) ..... ":O1(24)=CP22 
32568 01$(25)=" P2 (mm) at weaning ..... ":01(25)=P22 
32570 01$(26) = Change in live body weight (kg) ..... 1:01(26) = CW2 
32572 01$(27) =' Maternal body weight (kg) at weaning ..... ":01(27) =W2 
32574 01$(28) =" Protein retention (g/day) ..... ":01(28) = (PT2PT1)/AGE* 1000 
32576 01$(29) = N Lipid retention (g/day) ..... ":01(29) = (LT2-LT1)/AGE1000 
32578 01$(30) =" Energy for cold thermogenesis (Mi/day) ..... ":01(30) = TEH12/AGE 
32580 01$(31) =" Energy for maintenance (Mi/day) ..... ":01(31) = TEM2/AGE 
32582 01$(32) =" Protein for maintenance (g/day) ..... ":01(32) = TPM2/AGE 1000 
32584 01$(33) =" Milk yield (kg/day) ..... 1:01(33)  =TY/AGE 
32586 01$(34) = Energy for milk (MJ/day) ..... 1:01(34) = TEL/AGE 
32588 01$(35)=" Ideal Protein for milk (g/day) ..... U :O1(35)=•fl)L/AGE*10)() 
32600 01$(36)=" ---------IN WEANING TO CONCEPTION INTERVAL ---------- 
32602 01$(37)=" Weaning to conception interval (days) ..... ":01(37)=WC 
32604 01$(38)=" Total feed intake (kg) ..... ":01(38)=TF3 
32605 01$(39) =" Feed intake (kg/day) ..... ":01(39) = TF3/WC 
32606 01$(40)=" Change in P2 (mm) ..... ":01(40) = CP23 
32608 01$(41)=" P2 (mm) at conception ..... ":01(41)=P23 
32610 01$(42) =" Change in live body weight (kg) ..... ":01(42) = CW3 
32612 01$(43)=" Maternal body weight (kg) at conception ..... ":01(43)=W3 
32614 01$(44) =" Protein retention (g/day) .....":01(44) = (PT3PT2)/WC* 1000 
32616 01$(45) =" Lipid retention (g/day) ..... ":01(45) = (LT3-LT2)/WC 1000 
32618 01$(46) =" Energy for cold thermogenesis (MJ/day) ..... ":01(46) =TEHI3/WC 
32620 01$(47) =" Energy for maintenance (Mi/day) ..... ":01(47) = TEM3/WC 
32622 01$(48)=" Protein for maintenance (g/day) ..... ":O1(48)=TPM3/WC1000 
32623 01$(49)=" Age of the sow (days) .....":O1(49)=SOWAGE 
32625 FOR I = 1 TO 49:OU1(R,J) = 01(I):NEXT I 
32630 02$(1) =" Piglet birth weight (kg) ..... ":02(1) = WB 
32631 02$(2) =" Litter size ..... ":02(2) = IS 
32632 02$(3) =" Piglet growth rate (g/day) ..... ":02(3) =T7IGDG/AGE1000 
32633 02$(4)=" Protein retention (g/day/piglet) .....1 :02(4)=(PTP.PTP1)/AGE*1000 
32634 02$(5) =" Lipid retention (g/day/piglet) ..... ":02(5) = (LTPLTP1)/AGE* 1000 
32635 02$(6) =" Ash retention (g/day/piglet) .....":02(6) = (ATPAT71)/AGE* 1000 
32636 02$(7)=" Water retention (g/day/piglet) .....N:O2(7)=(YTPYTP1)/AGE*1000 
32637 02$(8) =" Piglet survivability (%) ..... ":02(8) = SURVE 
32638 02$(9)=" Weaning weight (kg) ..... ":02(9) =WP 
32640 02$(10) =" Litter birth weight (kg) ..... ":02(10) =WB*LS 
32642 02$(11) =" Litter weight at weaning (kg) ..... ":02(11) =WP*LS 
32645 FOR 1=1 TO 11:OU2(R,I)=02(I):NEXT I 
32650 LNO = 365/(PREGN+AGE+WC):TFC = (COST(1)FE1 + COST(2)*FE2+ COST(3)* 
FE3)/1000-.YTFC = TFC(365/(PREGN+AGE +WC)) 
32660 03$(1)=" Litter number/sow/year ..... ":O3(1)=LNO 
32662 03$(2)=" Piglets/sow/year .....":O3(2)=ISU4O 
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326640*3) =" Average piglet value at weaning (pounds) . "03(3) =WEANC 
326660*4) =" 	Total feed intake (kg/cyde) ..... ":03(4) =TFI+TF2+TF3 
32668 03$(5) = u Total feed used (kg/cycle) ..... U:03(5) =FE1 + FE2+ FE3 
32670 03$(6)=" 	Total feed cost (pounds/cycle) ..... ":03(6)=TFC 
32672 03$(7)=" Total feed used (kg/year) ..... u:03(7)=(JE1+FE2+FE3)*LN0 
326740*8) =" 	Total feed cost (pounds/year) ..... ":03(8) = YTFC 
326760*9) =" Gross margjn/sow/year (pounds) ..... ":03(9) =WEANC*LS*LN0 
YTFC-VARC 
32678 03$(10)=" 	Net margin/sow/year (pounds) ..... u:03(10)=WEANC*LS*LN0 
FIXC-YTFC-VARC 
32680 FOR I=1TO 10:0U3(R,l)=03(!):NEXTI 
33000 COLOR 7,1:CLS:JF F$(7) = "n" THEN 33300 
33005 GOSIJB 70:PRINT"CYCLER;": 	 SOW REPORT":GOSUB 70 
33020 FOR J = 1 TO 49 
33030 IF J=1 OR J=20 OR J=36 THEN PRINT O1S(J) ELSE PRINT 01$(J);USING US2$; 
01(J) 
33040 IF (J=19 OR J=35) AND F$(1)="s" THEN Y$=INPUT$(1) 
33050 NEXT J 
33060 GOSUB 70 
33300 IF F$(1) = "p" THEN 33310 ELSE IF F$(1) = "r THEN 33350 ELSE IF F$(1) = "s" THEN 
Y$=INPUT$(1):GOTO 34000 
33310 LPRINT:LPRINT:LPRINT TIT1S:LPRINT:LPRINT TIT2$:LPRINT 
33313 LPRINT SPACE$(21);"DATE "DATE$;SPACE$(8);"flME ";TIME$:LFRINT:GOSUB 
72 
33315 IF F$(7) = "n" THEN 34000 
33318 LPRINVCYCLE",R;": 	 SOW REPORr:GOSUB 72 
33322 FOR J=1TO 49 
33325 IFJ=1 OR J=20 OR J=36 THEN LPR1NT 01S(J):GOTO 33327 
33326 LPRINT O1$(J);USING US2$;O1(J) 
33327 NEXT J 
33330 GOSUB 72:GOSUB 80:GOTO 34000 
33350 PRINT #1,:PRINT #1,TIT1$:PRINT #1,:PRINT #1,TIT2$:PRINT #1, 
33353 PRINT #1,SPACE$(21);"DATE "DATE$;SPACE$(8);"Tll4E ";TIME$:PRINT #1,: 
GOSUB 74 
33355 IF F$(7) = "ii" THEN 34000 
33358 PRINT #1,"CYCLE"R;": 	 SOW REPORT:GOSUB 74 
33360 FOR J=1TO 49 
33365 IFJ=1 OR J=20 OR J=36 THEN PRINT #1,01$(J):GOTO 33367 
33366 PRINT #I,01$(J);USING US2$;O1(J) 
33367 NEXT J 
33370 GOSUB 74:GOSUB 82 
34000 IF FS(8) = "n" THEN 34200 
34005 PRINI"CYCLE";R;": 	PIGLET REPORr:GOSUB 70 
34030 FOR J = 1 TO 11:PRINT 02$(J);USING US2$;02(J):NEXT J:GOSUB 70 
34090 IF F$(1) = "p" THEN 34100 ELSE IF F$(1) = "f" THEN 34130 ELSE IF F$(1) = "s" THEN 
Y$ = INPUT$(1):GOTO 34200 
34100 LPRINT:LPRINT:LPRINT:LPRINT:GOSUB fl:LPRINVCYCLE"R;": 
PIGLET REPORT:GOSUB 72 
34115 FOR J = 1 TO 11:LPR1NT O2$(J);USING US2$;02(J):NEXT J:GOSUB 72:GOTO 34200 
34130 PRINT #1,:PRINT #1,:GOSUB 74:PRINT #1,"CYCLE"R;": 	PIGLET 
REPORr:GOSUB 74 
34135 FOR J= 1 TO 11:PRJNT #1,02$(J);US1NG US2$;02(J):NEXT J:GOSIJB 74 
34200 IF F$(9) = "ii" AND F$(1) = "s" THEN 34290 ELSE IF F$(9) = "ii" AND (F$(1) = "p" OR 
F$(1) = ufw) THEN 34500 
34215 PRINVCYCLE"R;": 	FINANCIAL REPORT":GOSUE 70 
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34225 FOR J = 1 TO 10PRINT 03$(J);US!NG US2$;03(i):NEXT J:GOSUB 70 
34235 PRINT:PRINT 
342401FF$(1)="p"THEN34310ELSEIFF$(1)="f'THEN34330 
34290 COLOR 7,4:LOCATE 23,5:PRINV P2) = End; P3) = Review; F4) = Piglet and Milk Yield 
Diaiy; F6) = Continue ";:Y$= INPUT$(1):COLOR 7,1 
34292 IF YS="@" THEN TF=R:GOTO 35000 ELSE IFY$="-" THEN 33000 ELSE IF Y$="$" 
THEN 41000 ELSE IF Y$=" THEN 34500 
34294 BEEP:GOTO 34290 
34310 LPRINT:LPRINVCYCLE"R;": 	FINANCIAL REPORr:GOSUB 72 
34313 FOR J = 1 TO 10.LPRINT 03$(J);USING US2$;03(J):NEXT J:GOSIJB 72 
34320 LPRINT:GOSUB 80:GOTO 34500 
34330 PRINT #I,:PRINT #I,"CYCLE"R;": 	FINANCIAL REPORT:GOSUB 74 
34335 FOR J = 1 TO 10-PRINT #1,03$(J);USING US2$;03(J):NEXT J:GOSUB 74 
34340 PRINT #1,:GOSUB 82 
34500 NEXT R:TT=R-1 
35000 IF F$(1) = "I" THEN CLOSE #1 ELSE 35020 
35005 GOSUB 40000:LOCATE 12,20PRINT1he filename of this result is 'REPORT.S"' 
35010 LOCATE 14,8:PRINVPlease use DOS COMMAND: 'RENAME REPORT.S 
Newfllename' to rl1lnge it!" 
35012 LOCATE 16,15:PRINT"Otherwise it will be replaced when you run again!" 
35015 LOCATE 1810PR1NT'You can edit this file by using other WORD PROCESSOR 
PACKAGE!":GOTO 35030 
35020 GOSUB 40000:COLOR 7,0iOCATE 14,26:PRINV << END OF MODEL SOW >> 
":COLOR 7,1:GOSUB 50 
35030 OPEN"O",#l,"SOWRPT.OUV:PRINT #1,TT:PRINT #1,AGE 
35031 FOR J=1 TO yr 
35032 FOR 1=1 TO 49:PRINT #1,USLNG US2$;OU1(J,J):NEXT I 
35034 FOR I = 1 TO 11:PRINT #1,USING U52$;0U2(J,I):NEXT I 
35035 FOR 1=1 TO 10:PRINT #1,USING U52$;0U3(J,I):NEXT I:NEXT J 
35038 FOR J=1TO rr 
35039 FOR 1=1 TO AGE:PRJNT #1,USING US2$;WP(J,I):NEXT I 
35040 FOR 1=1 TO AGE:PRINT #1,USING US2$;PIGDG1(J,I):NEXT I 
35041 FOR 1=1 TO AGE:PRINT #1,USING U52$;PRP(J,I):NEXT I 
35042 FOR 1=1 TO AGE:PRINT #1,USING US2$LRP(J,I):NEXT I 
35043 FOR 1=1 TO AGE:PRINT #1,USING US2$ARP(J,I):NEXT I 
35044 FOR 1=1 TO AGE:PRINT #1,USING US2S;YD(J,I):NEXT I 
35045 FOR 1=1 TO AGE:PRINT #1,USING US2$;YP(J,I):NEXT I 
35046 FOR 1=1 TO AGE:PRINT #1,USING US2$;Y(J,I):NEXT I 
35049 FOR I = 1 TO AGE:PRJNT #1,USING US2$;WL(J,I):NEXT I 
35050 FOR 1=1 TO AGE:PRINT #I,USING US2$FIL(J,I):NEXT I 
35051 FOR I = 1 TO AGE:PRINT #1,USING US2$;PRL(J,I):NEXT I 
35052 FOR I = 1 TO AGE:PRINT #1,USLNG US2$;LRL(J,I):NEXT I 
35053 FOR I = 1 TO AGE:PRINT #1,USING US2$;WC1(J,I):NEXT I 
35057 NEXT J:CLOSE #1 
35070 COLOR 7,4:LOCATE 22,25:PRINT" P2) = Menu; F4) = Summaxy Report ";:Y$ = 
INPUT$(1):COLOR 7,1 
35072 IF Y$="@" THEN 35085 ELSE IF Y$="$" THEN 35088 ELSE BEEP:GOTO 35070 
35085 RUNSOW" 
35088 RUN'SOWRPT' 
39990 IF F$(1)="f THEN CLOSE #1 
40000 COLOR 7,0CLS:FOR I = 1 TO 23:FOR J = 1 TO 55 STEP 26:LOCATE I,J:PRINT 
":NEXTJ:NEXTI 
40004 COLOR 2,1:LOCATE 2,46:PRlNVCopyright (c) Shil-Wen Roan 1991" 
40006 LOCATE 3,14:COLOR 7,4:PRINV*  Animal Sciences Division, Edinburgh University " 
40010 LOCATE 5,23:PRINV< < Edinburgh Model Sow V1.0 > >":GOSUB 50:COLOR 7,1: 
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RETURN 
40100 LOCATE 11,23:PRINT'P2 has been reduced to below 2 mm !":LOCATE 
13,10:PRINT'Please make some dianges in Feed Details or Feeding Regimes V':GOSUB 60: 
RUNUSOWN 
40200 LOCATE 11,20.PRlNVUtter size has been redued to below 3 !":LOCATE 13,13: 
PRINT'Please make some dianges in Sow Record, Feed Details," 
40210 LOCATE 15,12.PRlNVFeeding Regimes, Protection Score or Disease Challenge!": 
GOSUB 60RUN"SOW" 
40300 LOCATE 11,17:PRINT"Milk yield has been reduced to below LO kg !":LOCATE 13,10: 
PRlNTPleases make some changes in Feed Details or Feeding Regimes!":GOSUB 60: 
RUNSOW" 
40400 LOCATE 11,12PRlNVWeaning to conception interval has reached to 200 days !": 
LOCATE 13,13:PRlNVPleases make some t4langes in Sow Record, Feed Details," 
40410 LOCATE 15,12:PRINTPeeding Regimes, Protection Score or Disease Challenge!": 
GOSUB 60:RUN"SOW" 
40600 LOCATE 1120:PRINTPigIet survivability is less than 30 % !":LOCATE 13,13: 
PRINT'Please make some dianges in Sow Record, Feed Details," 
40610 LOCATE 15,I2PRINVFeeding Regimes, Protection Score or Disease Challenge 
RUN"SOW" 
40900 LOCATE 23,29C0LOR 7,4:PRINT" < < Any key please > > ";:S$ = INPUT$(1):COLOR 
7,1:RETIJRN 
40920 FOR 0 = 1 TO 18:LOCATE 0 + 4,1:PRINT SPACE$(80):NEXT Q:RETURN 
41000 REM 
41001 REM 	Piglet and Milk Yield Diary 
41002 REIvi ************S**********************************t******** 
41010 COLOR 7,1:CLS:COLOR 14,0:PRINT" 13 Piglet 13 Daily 0 Protein KI Lipid Xx Ash 11 
Milk ULactationuMilk 
41012 LOCATE 2,1:PRINT'Dayu Weight gain r1RetentionuRetentionRetent ZDemand 11 
Curve Supply" 
41013 LOCATE 3,1:PRINT" xx (kg) = (g) 11 (g/day) 0 (g/day) u(g/day)(kg/d) 11 
(kg/day)(kg/d)" 
41015 LOCATE 4,1:PR1Vëëëöëëëöëëëëëëöëëëëëëëëëöëë&ëëëëëöëëëëëëöëëëëë666 
ëCOLOR 7,4:LOCATE 1,73:PRINVCYCLE";R:COLOR 7,1 
41030 LOCATE 5,1:1= 1:FOR Z= 1 TO AGE:PRINT USING"###u ###.## 1####.## 
####.## 1###.## 1  ##.## XI ###.## z###.##";Z;WP(R,Z); 
PIGDG1(RZ)PRP(R,Z)LRP(R,Z)ARP(R,Z);YD(R,Z);YP(R,Z);Y(R,Z) 
41035 IF AGE= 181 THEN 41070 ELSE IF (Z MOD 18) = 0 THEN I = I + 1:GOSUB 40900: 
GOSUB 40920:LOCATE 5,1 
41070 NEXT Z:IFAGE=IS OR AGE=36 OR AGE=54 THEN 41100 
41075 
41100 LOCATE 23,1:PRINT SPACE$(79):LOCATE 23,17:COLOR 7,4:PRINT" F2) = Back to 
Report; F3)=Review, F6)= Continue ";:Y$=INPUT$(l):COLOR 7,1 
41110 IF Y$="@" THEN 32490 ELSE IF Y$="—" THEN 41000 ELSE IF Y$=` THEN 34500 
ELSE BEEP:GOTO 41100 
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